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POLICY DISCUSSION

A, Introduction

Benomyl, a systemic fungicide used in many agricultural
and non-agricultural sites. The structure of benomyl
{methyl-1(Butylcarbamoyl)~2-benzimidazolecarbamate) and its
major mecabolite MBC (methyl 2-benzimidazole carbamate) are:

O=<l:-NH(CH2)3CH3 |
N
o w S Vo
N o N9
BENOMYL MBC

The United States Environmental Protection Agency (EPA)
issued a notice of Rebuttable Presumption Against Registration
(RPAR) and Continued Registration of Pesticide Products
containing Benomyl (Dec, 6, 1977) based on mutagenic effects
and reduction in spermatogenic activity. The Position Document
2/3 (Aug. 39, 1979) determined that risks of concern included
mutagenic effects, reduction in spermatogenic activity and
acute toxicity to aquatic organisms., The Position Document 4
{Oct. 1, 1982) stated that new data indicated benomyl had
oncogenic potential in mice,

As stated in the PD 1, 2/3 and 4, benomyl rapidly hydrolyses
to MBC in an aqueous environment, MBC also appears to be the
initial metabolite in mammalian systems, The acute and
chronic toxicity of MBC is either similar or more severe than
the parent compound, benomyl. For the above mentioned reasons,
the Agency, in the PD 4 has used MBC data to confirm and
supplement benomyl data where applicable.

The major regulatory action taken by the agency was to
require the use of a dust mask by persons during mixing and
loading of benomyl for aerial exposure. It was estimated
that this would reduce the respiratory work-related component
of exposure by 90 %, Dermal exposure was considered slight
and not considered in the EPA risk estimate because of minimal
dermal absorption (aporoximately 0.5 % per hour).

B. Use Summary

Benomyl is a systemic fungicide registered for many
agricultural and non-agricultural uses. The crops and their
respective tolerances will be discussed in the tolerance
reassessment section. Non-agricultural uses include ornamentals
and turf., Benomyl is available as a technical (95 %) and
under the trade names of Benlate® and Tersan 1991® by E. I.
duPont de Nemours and Co., Inc, Formulations include:
formulation intermediate (FI; 50 %), granular (G; 1.1, 1.5,
1.57, 1.6 and 1.95 %), wettable powder (WP; 25 and 50
%), flowable concentrate (F1lC; 0.25 lb/gal or 3 %, 75%(dry)),
soluble concentrate/liquid (SC/L; 0.72 1lb/gal or 10 %),




C.

Toxicology Profile

1,

Acute Effects

Acute oral toxicity (00097277)
10,000 mg/kg of technical benomyl was given hy
gavage to 10 each of male and female ChR-CD rats,

There were no mortalities. The acute LDgg was
greater than 10,000 mg/kg.

Toxicity Category: IV

Core-Grade Classification: Minimum

The requirement for an acute oral study .is. satisfied.

Acute dermal toxicity (00064822)

Five each of male and female New 2Zealand white
rabbits were treated dermally with 2000 mg/ky of
Benlate* (75% a.i.). The substance was applied

to shaved and abraded skin for 24 hr. There were
no death within 14 days. The acute dermal LDg, was
greater than 2000 mg/kg.

Toxicity Category: III

Core-Grade Classification: Guideline

The requirement for an acute oral study is satisfied.
1. Acute inhalation toxicity (00097599)

Six male rats were treated with either 0, .27,

1.39 or 4.01 mg/l (actual conc.) of benomyl, 50 %
wettable powder. There were no deaths in the
treatment groups. All groups however, had slight

to severe aspermatogenesis. The acute inhalation
LCsg was greater than 4.01 mg/l. There is no reason
to expect the toxicity category to change with
females,

Toxicity Category: 1III

Core~Grade Classification: minimum

2. Acute inhalation toxicity (00097281)

This study was designed to determine the NOEL for
aspermatogenesis due to acute inhalation exposure.
Ten male ChR rats were exposed for 4 hr to benomyl, 3
50 % wettable powder in an inhalation chamber at *

* Benomyl is the active ingredient
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0, .02, .12, .20 or .22 mg/l., There were no
deaths at any treatment level. Aspermatogenesis
was present only in the 0.82 mg/l group (HDT).

Core-Grade Classification: minimum

These studies satisfy the requirement for data on
acute inhalation toxicity.

1., Primary eye irritation (00064820)

Benlate®Dry Flowable* (75 8% a.i.), when applied to
rabbit eyes, produced corneal opacities which were
reversible by 11 days without irrigation. Mild
iritis and conjunctivitis were present for only 3
days after treatment, Washing was effective in
decreasing the severity and duration of the lesions.

Toxicity Category: 11

Core-Grade Classification: Guideline

2. Primary eye irritation (00084579)

Benlate®Dry Flowable* (75 % a.i.), when applied to
rabbit eyes, produced corneal opacities which were
reversible by 7 days without irrigation, Mild
iritis and conjunctivitis were present for only 3
days after treatment. Washing was effective in
decreasing the severity and duration of the lesions.

Toxicity Category: 1III

Core-Grade Classification: Minimum

The toxicity category for eye irritation for
labelling purposes is II since one study had corneal
opacities present at 8 days, reversible by 11 days.
These studies satisfy the requirement for data on
primary eye irritation,

Primary skin irritation (00064821)

Six New Zealand white rabbits were exposed to
Benlate®Dry Flowable* (75 % a.i.), in an aqueous

paste for 24 hr. There was mild irritation which
was reversible by day 6. The day 1 PIS was .67.
Toxicity Category: 1IV

Core-Grade Classification: Guideline
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This study satisfies the requirement for data on
primary skin irritation,

Dermal sensitization (00097289)

Benomyl technical was applied to the skin of 10
male guinea pigs. It was a mild to moderate
sensitizer.,

Core~Grade Classification: minimum

This study satisfies the requirement'fdr data on
dermal sensitization.

2. Subchronic Toxicity (oral)

-1

Subchronic oral rodent (00066771)

Benomyl, 70 % WP {(wettable powder) (72.2 % a.i.)
was incorporated into the diet of 4 ChR-CD rats
per sex per group at the following concentrations;
0, 100, 500, and 2500 ppm for 90 days. The only
toxic signs were increased relative and absolute
liver weight (female) and increased SGPT (male)
values, both in the high dose. The NOEL was 500
ppm. The LEL, based on SGPT and liver weight
increases, was 2500 ppm.

Core-Grade Classification: minimum

Subchronic oral non-rodent (00066785)

Benomyl, 50 & WP (51.1 % tech.) was incorporated
into the diets of 4 beagles per sex per group at
the following concentrations, 0, 100, 500, and
2500 ppm for 90 days. Toxic signs included
depressed albumen/globulin (A/G) ratio and
increased SGPT in HDT males throughout the study.
The NOEL was 500 ppm. The LEL, based on increased
SGPT and a depressed A/G ratio, was 2500 ppm,

Core-Grade Classification: minimum

Subchronic oral non-rodent (00099130) (MBC)

MBC, 50 % WP (53 % tech,) was incorporated

into the diets of 4 beagles per sex per group at

the following concentrations, 0, 100, 500, and

2500 (lowered to 1500 at 3 weeks due to weight loss)
ppm for 90 days. Toxic signs included increased
alkaline phosphatase and SGPT in HDT males,
increased cholesterol in mid and high dose males

and females, decreased albumen in high dose males

* Benomyl is the active ingredient.
Y
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and females., Absolute testicular weight was decreased
in high dose males, One high dose male and female

had hepatic cirrhosis and necrosis. One high dose
male had diffuse testicular degeneration. The

NOEL was 500 ppm. The LEL, based on altered liver
function tests, liver histology, decreased testicular
weight and testicular degenerattion, was 2500 ppm.

Core~Grade Classification: minimum

‘These studies satisfy the requirement for data on
subchronic oral toxicity in rodents and non-rodents.

3. Subchronic Toxicity (dermal) (00097287)

a.

penlateo NN - :. 51.5 ) vas ’
applied daily (5 out of every 7 days) for 3 weeks
to the skin of New Zealand rabbits. The following
doses were used: 0, 50, 250, 500, 1000 and 5000
mg/kg (based on % a.i.). Testicular weights
(relative and absolute) were nonstatistically
decreased at 1000 mg/kg and above., The NOEL was
500 and the LEL, based on decreased testicular
weights, was 1000 mg/kg.

Core-Grade Classification: minimum

This study satisfies the requirement for subchronic
dermal toxicity testing.

4. Subchronic Toxicity (inhalation)

- 99

" subchronic inhalation

There is currently no subadute inhalation study.

This study is required for registration because:

1) farm applicators may receive repeated exposure to
benomyl since large fields or orchards may require
multiple days to complete fungicide application.
Custom applicators may be exposed daily for the
length of the growing season. 2) The lowest effect
level for spermatogenic inhibition in an acute

rat inhalation study was 33 mg/kg (NOEL = 7.5 mg/kg).
The margin of safety is only 21 since applicators
{(mixer/loader) may be exposed to as much as9.35
mg/kg/day by the inhalation route (see PD4).

5. Neurotoxicity (GS0119-007)

A

Benomyl was tested in hens at 500, 2500 and 5000
mg/kg. There was no indication of delayed
neurotoxicity,

This study satisfies the requirement for data on
neurotoxicity.

6
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6. Reproduction and Fertility Effects (feeding)

a,

3 Generation Reproduction Study - rats (00066773)

Benomyl 50 or 70 % WP (dose based on % a.i.) was
administered in the diet at 0, 100, 500, and 2500
ppm to male and female ChR-CD rats for 3 generations
(7 litters), Six males and females were mated

for the first generation, 12 males and females

for the second generation and 20 males and females
for the third generztion. Histology was performed
on F3p weanlings. F3c pups were used for a post
weaning growth curve study. No treatment related
effects were seen with the exception of pup weanling
weights in Fjp, F3p and F3c litters at 500 and

2500 ppm as compared to control values, The NOEL
was 100 ppm and the LEL, based on decreased pup
weanling weights, was 500 ppm.

Core—-Grade Classification: minimum

This study satisfies the requirement for data
on reproduction effects,

3 Generation Reproduction Study - rats (00088333) (MBC)

MBC 50 or 70 % WP (dose based on % a.i.) was
administered in the diet at 0, 100, 500, 2500 (raised
to 10,000 ppm at 20 weeks), and 5000 ppm to male
and female ChR-CD rats for 3 generations (6
litters). Sixteen males and females were mated
for each generation. Histology was performed on
F3p weanlings from 0, 500 and 10,000 ppm litters,
No treatment related effects were seen with the
exception of decreased weanling weights at 5000
and 10,000 ppm as compared to control values,

The NOEL was 500 ppm (25 mg/kg) and the LEL, based
on decreased pup weanling weights, was 500 ppm
(250 mg/kg).

Core-Grade Classification: minimum

7. Teratogenicity

a.

Rabbits (00035352)

Benomyl (50 % purity) was added to the diets of

15 New Zealand white albino rabbits at each of the
following doses: 0, 100 and 500 ppm for days 8
through 16 of gestation, Fetuses were examined
either after sacrifice on days 29 or 30 of gestation
or after natural parturition. There were no
treatment related fetal or maternal toxic effects

-1
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or teratogenic effects observed in any group.

This study can not be used for regulatory purposes
however, due to the dietary route of exposure and
the absence of fetal or maternal toxicity at the
high dose tested.

Core~-Grade Classification: supplementary

This study does not satisfy the requirement for
data on teratogenic effects in one species.

rat (GS0119-009)

Benomyl (99.2 % a.i.) was administered by gavage
to 27 ChR-CD strain rats at each of the followiny
doses: 0, 3, 10, 30, 62.5, and 125 mg/kg/day for
days 7 through 16 of gestation, Dams were
sacrificed on day 21 of gestation and the fetuses
examined, There were no treatment related maternal
or fetal toxic effects except for decreased

fetal weight in the 62,5 and 125 mg/kg/day groups.
There were significant increases in microphthalmia
and anophthalmia at 62.5 and 125 mg/kg/day and
distended lateral ventricles and hydrocephaly at
125 mg/kg/day. Two cases of microphthalmia also
occurred at 10 mg/kg day. The registrant felt
that this may be due to treatment since the
background incidence of this lesion at the testing
laboratory was 1/1000., The NOEL for maternal
toxicity was greater than 125 mg/kg/day and the
fetal toxic NOEL was 30 mg/kg/day. The teratogenic
NOEL, however remains undetermined until the LEL
for microphthalmia is determined. It is at least
62.5 mg/kg/day however,

Core~Grade Classification: supplementary

rat (00115674, 00126522)

Benomyl (99.1 % purity) was administered by gavage
to 46-48 Crl:CD® (SD)BR rats at each of the
following doses: 0.3, 6.25, 10, 20, 30 and 62.5
{only 19 dams) mg/kg/day for days 7 through 16 of
gestation. Dams were sacrificed on day 21 of
gestation and the fetuses were examined specifically
for ocular effects. There were no treatment
related signs of maternal toxicity noted. The high
dose fetuses were significantly lighter than the
controls, There was 1 fetus with microphthalmia
present in the 16 litters in the high dose, no
other ocular abnormali ties were reported.

Core-Grade Classification: supplementary
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Studies 7.bh. and 7.¢c. , when considered together, are
core-minimum. Together, they satisfy the requirement for

data on teratogenic effects of benomyl on one specles. Th
combined NOEL was 30 mg/kg/day and the LEL was 62.5 mg/kg/

d.

mouse {GS0119-017)

Benomyl technical was administered by gavage to

25 pregnant CD-1 mice at each of the following
doses: 0, 50, 100 and 200 mg/kg/day for days 7
through 17 of gestation. Dams were sacrificed on
day 18 of gestation and the {etuses were examined,
Doses as high as 200 mg/kg/day did not affect
maternal viability or growth, Doses of 200
(significant from controls p < .0%) and, tc a

much lesser extent, 100 mg/kg/day adversely affected
fetal development including: decreased fetal
weight, and delayed skeletal and visceral (including
subnormal vertebral centrums, enlarged cerebral
ventricles, and renal pelves) development, and
increased supernumerary ribs. The incidence of major
anomalies observed in the fetuses was 1,3, 1.0,

16.8 and 47.3 % at 0, 50, 100 and 200 mg/kg/day.

The incidences of major fetal and litter anoma¥ies
were significant at the p < .001 in the mid and

high dose groups., Anomalies included: short and/or
kinky tail, fused vertebrae, fused ribs and cleft
palate. The NOEL was 50 mg/kg/day and the LEL,
based on teratogenic effects, was 100 mg/kg/day.

Core~Grade Classification: minimum

This study satisfies the requirement for data on
the teratogenic effects of benomyl in one species.

The requirement for data on teratogenic effects in two species
has been satisfied,

8., Mutagenicity

a.

Gene Mutation

1. (GS0119-001) Benomyl (99,6 % a.i.), at levels
of 500 and 10,000 ug/plate was mutagenic in S.

typhimurium strains TA1535 and TA98 with activation.
C%assxfication: acceptable

2., (00038808) Chinese hamster ovary cells (HGPRT)
were treated with from 17 to 172 uM of benomyl
(99.9-100 % a.i.) with and without S~9 activation.
Benomyl was not mutagenic in this system,

Classification: acceptable
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3. (GS0119-002) Benomyl was tested in mouse
L5178Y TK*/~ lymphoma cells with and without
activation, The test material was mutagenic
without activation at 50 ug/ml and with activation
from 12 ug/ml to 25 ug/ml. At higher doses
relative total cell growth was less than 10 s&.

At lower doses, mutagenic frequency was not
consistently twice the control rate. Mutagenic
activity was enhanced by activation.

Classification: acceptable

Chromosomal Aberrations

1. (GS0119-003) Micronucleus test - Benomyl (%

a.i. not given) was administered by gavage to male
mice on 2 consecutive days at the following doses:

0, 250, 500 and 1000 mg/kg/day. Animals were
sacrificed 24, 48 or 72 hours after the second

dose. Filve hundred polychromatic erythrocytes (PCE)
per rat from the femoral bone marrow were examined
for micronuclei and the number of mature erythrocytes
was counted until 200 PCEs were found., A compound

is considered positive if the number of cells with
micronuclei/500 PCEs is statistically increased

over controls, in at least 2 dose~time groups.

There were increased numbers of cells with micronucle
in 4 groups including low and mid dose groups at

48 hr and the high dose group at 48 and 72 hr.
Benomyl is considered positive in this test

system,

Classification: acceptable

2. (GS0119-004) Sister chromatid exchange (SCE) -
Chinese hamster ovary cells (in culture) were
treated with from 0.625 to 10 ug/ml of benomyl

(99 & a.i.) without activation or from 0.375 to
150 ug/ml of benomyl with activation. Cells
underwent at least 2 cell divisions within 24

hr., Two samples of 25 cells were scored for

SCE and chromosome number per treatment. There
were not enough metaphases at concentrations of 5
ug/ml and above, without activation., Comparing the
scores from 3 cytogeneticists using an analysis of
variance indicated a small but statistically
significant increase in SCEs with benomyl with

and without activation. The authors concluded
that benomyl was weakly positive in this test
system.

Classification: acceptable




94579

Other mutagenic testing, DNA repair

1. (GS0119-005) Mouse - Benomyl (% a.i. was
unspecified) was tested for mutagenic effects in

I1° mouse (B6C3Fl) hepatocytes using tritiated
thymidine as the label, Concentrations ranged

from 0.5 to .00005 mg/ml and were tested in triplicate
Cells were fixed and examined microscopically for
cytotoxicity then analyzed using autoradiography

to determine tritium uptake. A net increase of 5
grains in each nucleus (above background) in all 3
replicates were considered a positive response, Level
of benomyl 0.05 mg/kg and above, were cytotoxic.
Benomyl did not induce DNA repair in this test system.

Clasgification: acceptable

2. (GS0119-006) rat - Benomyl (% a.i. was
unspecified) was tested for mutagenic effects in

I° rat (F344) hepatocytes using tritiated thymidine

as the label. Concentrations ranged from 0.5 to
0.00005 mg/ml and were tested in triplicate,

Cells were fixed and examined microscopically for
cytotoxicity then analyzed using autoradiography

to determine tritium uptake., A net increase of 5
grains in each nucleus (above background) in all 3
replicates were considered a positive response, Level
of benomyl 0.05 mg/kg and above, were cytotoxic.
Benomyl did not induce DNA repair in this test system.

Classification: acceptable

The requirements for mutagenic testing have been met.

9. Chronic Toxicity (feeding)

A,

rat (00097284)

Thirty six albino Charles River CD rats of each

sex were assigned to groups given 0, 100, 500,

and 2500 ppm of 50 or 70 % benomyl WP (dose based
on a.i.) for 2 years . There were no treatment
related effects observed throughout the study.

At sacrifice, there were no treatment related
changes in neoplastic or non-neoplastic lesions,

or changes in body weight or organ weights
{including testicular weight). A maximum tolerated
dose was not established, The NOEL for toxicity
was established at 2500 ppm.

Core-Grade Classification: minimum for chronic toxici-
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Non-rodent (00097305, 00081913, 00097318, 00097326,
00061618) ’ g

Four beagles of each sex were assigned to groups
given 0, 100, 500, and 2500 ppm of Benomyl (50 % a.i.)
for 1 or 2 years., A fifth male added to the high dose
group when 1 dog became sick. Body welight gain and
food consumption were decreased in the high dose males
and females., The following effects occurred in

the 2500 ppm males: elevated cholesterol and

alkaline phosphatase from 1 month to the end of

the study; elevated glutamic-pyruvic transaminase
activity levels which returned %o normal by 15

months; decreased albumin/globulin ratio and

total protein from 1 to 2 months to the end of

the study. Hepatic cirrhosis, observed with both
micro~- and macroscopic examination, was observed

in 1/2 males at 1 year {(in 0/1 females), and 2/3
males and 1/3 females at 2 years. Testicular

lesions, after examinatior by the E.P.A., pathologist,
were considered unrelated .o ingestion of the
chemical., The NOEL was 500 ppm and the LEL was

2500 ppm based on biochemical alterations, hepatic
cirrhoris, decreased weight gain and lower food
consumption,

Core-Grade Classificatiun: minimum

rat (00088333) (MBC)

Thirty six albino Charles River CD rats of each

sex were assigned to groups given 0, 100, 500,

and 2500 (raised to 10,000 ppm after week 20)

5000 ppm of 50 or 70 % MBC (dose based on a.i.)

for 2 years. There were no treatment related

effects observed throughout the stuay. At sacrifice,
there were no treatment related changes in neoplastic
lesions or organ weights. Mid dose females and

high dose males and females weighed less than
controls. Mid and high dose males and females

had increased incidence of pericholangitis and
cholangiohepatitis. Hematocrit (HCT), hemoglobin
(HGB), and red blood cell counts were decreased

in mid and high dose females; HCT and HGB were not
significantly decreased in high dose males. The NOEL
was 500 ppm and the LEL based on decreased weight
gain, altered hematology and liver nistology was

5000 ppm.

Core-Grade Classification: minimum

12
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d. Non-rodent (00088333) (MBC)

Four beagles of each sex were assigned to groups
given 0, 100, 500, and 2500 lowered to 1500 ppm

of MBC (53 % a.i.) for 2 years. Body weight

gain and food consumption were decreased in the
high dose males and females. The high dose males
were sacrificed early due to poor nutrition. No
females died eariy. High dose dogs developed
anorexia, distended abdomens and poor condition,
The following effects occurred in the 500 and 1500
ppm dogs: elevated cholesterol, BUN, total protien,
SGPT and alkaline phosphatase, Hepatic cirrhosis,
and mild chronic hepatitis was observed at 500

ppm and above, The NOEL was 100 ppm and the LEL
was 500 ppm based on biochemical alterations,
hepatic cirrhosis,

Core-Grade Classification: minimum

These studies satisfy the requirements for chronic
toxicity testing in a rodent and non-rodent species.

oncogenicity (feeding)
a., Rat (00097284) benomyl, see section 9.a.

Core~Grade Classification: supplementary for onco.

b. Rat (00088333) MBC, see section 9.c.

Core~Grade Classification: minimum for onco.

Although no maximum tolerated dose (MTD) has been
established in a chronic/onco., rat study using
benomyl (high dose of 2500 ppm), the MTD for the
chronic/oncogenicity study with MBC was set at
5000 ppm. These studies satisfy part of the
oncogenicity requirement for registration.

b. Mouse (00096514)

Eighty CD-1 mice of each sex were assigned to groups
given 0, 500, 1500 and 7500 (reduced to 5000 ppm
after 37 weeks) ppm of benomyl (99-99.2 % pure).
There was decreased body weight throughout the

study at the high dose and to a lesser extent the

mid dose., There was increased relative liver

weight in the high dose males and females as well
were decreased in the high dose males, High dose
males also had microscopic evidence of hepatocellular
and testicular (and epididymal) degeneration. Under
the conditions of this study, benomyl fed at a 13
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minimum of 500 ppm demonstrated oncogenic
potential in the liver and lung, Hepatocellular
carcinomas were induced in both males (low and

mid doses) and females (low, mid and high doses).
The combined incidences of hepatocellular adenomas
and carcinomas were statistically increased in

the mid and high dose females,and low and mid

dose males. Pulmonary alveologenic carcinomas
were induced in males at the lnw and mid dose.
Oncogenic potential at 500 ppm.

Core-Grade Classification: minimum

This study satisfies part of the oncogenicity
requirements for registration.

The chronic rat and mouse oncogenicity studies
satisfy the oncogenicity study requirements for
registration,

C.

Mouse (00096513) (MBC)

Eighty CD-1 mice of each sex were assigned to groups
given 0, 500, 1500 and 7500 (males were reduced

to 3750 ppm after 66 weeks due to mortality) ppm

of MBC. There were no treatment related changes

in body weight, food consumption or clinical

signs of toxicity throughout the study. High dose
males were sacrificed at 73 weeks due to high
mortality, High dose females had reduced erythrocyte
and a marginal decrease in hemoglobin concentration,
Abs. liver weight (high dose females) and rel.

liver weight (mid and high dose females) were
increased. Mid and high dose males had microscopic
evidence of hepatotoxicity and necrosis. Hepato-
cellular carcinomas were increased in the mid

dose males; too few male mice survived to 18 months
at the high dose to ascertain the oncogenic potential
at this dose level in males. Mid and high dose

males and females had lymphoid depletion of the

- thymus. Under the conditions of this study, MBC

was associated with an increased incidence of

liver carcinomas in mid and high dose females.
Hepatocellular adenomas were marginally increased
in the low and mid dose females. The systemic
NOEL was 500 ppm and the LEL, based on increased
incidence of lymphoid depletion of the thymus in
males and females, hepatotoxic lesions in males,
was 1500 ppm. MBC demonstrated oncogenic potential
at 1500 ppm (hepatocellular carcinomas).

Core-Grade Classification: minimum

1y
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c. Mouse (GS0119-011) (MBC)

‘MBC was administered to 100-120 male and female
NMRKE(SPF 71) mice per group at dosage levels of

0, 50, 150, 300 and 1000 (increased to 5000 after 8
weeks) ppm. Animals were sacrificed after 96
weeks. There was increased abs, and rel., liver
weight, marked hepatocellular necrosis and cellular
alterations indicative of hepatotoxicity at the
high dose in both males and females. There was

no increased incidence of hepatic neoplasia

in treated as compared with control mice. The
NOEL was 300 ppm and the LEL based on hepatotoxicity
was 5000 ppm.

Core-Grade Classification: minimum

d. Mouse (GS0119-012) (MBC)

MBC was administered to 100 male and female SPF
Swiss mice per group at dosage levels of 0, 150,
300, and 1000 {increased to 5000 ppm at 8 weeks)
ppm for 80 weeks, Results were presented in
summary form only. Body weight and condition were
not affected by the compound. Rel. liver weights
were "altered" in the high dose male and female
groups, Clear cell and mixed cell foci were
present in livers of the high dose males and females
High dose females had an increase incidence of
neoplastic nodules. High dose males however had
an increased incidence of hepatoblastomas. The
NOEL was 300 ppm and the LEL based on hepatic
lesions and altered cell foci was 5000 ppm. MBC
demonstrated oncogenic potential (hepatic
neoplasia) at 5000 ppm.

Core-Grade Classification: supplementary

Metabolism <~ (00066776)

One male rat was treated with 2500 ppm benomyl

(% a.i,unknown), for 12 days then given 7.7 mg/kg

of ring labeled benomyl by gavage. The only urinary
metabolites identified were sulphate and glucuronide
conjugates of methyl S5~hydroxybenzimidazole-2-yl-
carbamate {5-OH-MBC). Most of the label (greater
than 99 %) was excreted by 72 hr, with the majority
observed in the urine (86 8) and 13 % in the feces.

Core~Grade Classification: Unacceptable

15
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Although some metabolic data in rodents is available
(see policy discussion), there are currently no low
dose, high dose or repeated dose metabolism studies
meeting our core-minimum requirements of acceptability.
These studies are needed to satisfy the requirements
for registration,

12, Dermal abhsorption (GS0119-014)

Four rats/time point/dose were treated dermally

(greater than 16 % of their surface area) with
*Benlate®WP (50 8 a.i.). The duration of exposures
were 0,5, 1, 2, 4, and 10 hours, doses tested were

0.2, 2, 20, and 200 mg of l4c-Benlate/rat (0.1, 1, 10,
and 100 mg, respectively of benomyl). The concentration
of benomyl in the blood increased (nonlinear) with
increasing dose (see table 1). The percent of
administered dose of benomyl in the urine decreased
(nonlinear) with increasing dose and increased (nonlinea
with duration. The percent absorption also had a
nonlinear decrease with increasing dose and a nonlinear
increase with duration (see table 2). The percent
absorbed ranged from 0.031 (high dose) to 3.518

{low dose) for the maximum exposure of 10 hours,

By 10 hours 96-99 percent of the absorbed dose at

all treatment levels had been excreted in the urine.

Table 1. Concentration of benomyl in the blood (ug/ml)

Dose (a.1.) Buration of exposure (hours)
mg/rat 0.5 1.0 2.0 4.0 10
0.1 .001 .004 .004 .004 .003
1.0 .006 .009 .008 .008 .004
10 .026 .028 .034 .036 .024
100 .033 . 054 . 048 .070 . 064
Table 2., Total pércent of dose of benomyl absorbed
Dose (a.i.) Duration of exposure (hours)
mg/rat 0.5 1.0 2.0 4.0 10
0.1 .046 174 .714 1.734 3.518
1.0 .016 .045 .118 .340 .491
10 .006 .011 .039 .046 .096
100 .001 . 004 .010 .029 .031

Classification ~ acceptable

16
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D, Policy Discussions

The toxicity concerns have been evaluated in detail in
the Position Document 2/3 (PD 2/3) (Dec. 1977) and 4 (Oct. 1982).
The risks are based on the increase in tumors, as well as increased
teratogenic, mutagenic and spermatogenic effects related to
benomyl or its metabolite, MBC,

Although valid metabolism studies have not been performed
to adequately describe the metabolism of benomyl in animals,
one postulated pathway reported in an article by Douche (000363818)
is as follows:

%.ymcn,»,cu,

Qb o

- .
Benomyl
(matoolie 1)

.
Qi = e = =

milebolite g Metadolite ¢ mefcbolils ¢

matabdolite &
—
- Sulphote ond
. onlde smud::a
tonjugates conjugoles

Fig. 3. Metadolic pathoay of Bewomyl in mice, radbits and theep,

a, 2-aminobenzimidazole (2AB)

b 5 hydroxy-2-aminobenzimidazole (5 OH-2-AB)

¢. methyl benzimidazole-2ylcarbamate (MBC)

e, methyl S~hydroxybenzimidazole-2-yl-carbamate (5 OH-MBC)
f. Benomyl (parent)

Animals all received 0.1 gm/kg (substantially higher than the
estimated dietary exposures) of compound either by oral

(P.0.) or intraperitoneal (I.P.) route of exposure. He

reported that metabolite distribution in the mouse,

rabbit and sheep was similar., It was also similar whether
administered orally or peritoneally suggesting biliary secretion
as part of the process., Ninety-four % of the label was excreted
by mice within 96 hr with 20 % of the administered label
excreted as conjugates {(sulfate and glucuronide) of hydroxylated
metabolites (44-71 % in urine; 21-46 % in feces). There was

no parent compound found in either the urine or feces. The
metabolic pathway with 9.1 gm exposure may not however,
represent the pathway that would occur with lower dietary
exposure levels. 1

-3
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In a separate study (00066776), a single male rat received
2500 ppm of cold benomyl for 12 days followed by a dose of
l4c labeled benomyl (7.7 mg/kg). The only metabolite found in
the urine, after treatment with glucuronidase and sulfatase,
was 5 OH-MBC, Again most of the label was observed in
the urine (86 %), 13 % in the feces, Less than 1 % remained
in the carcass,

The metabolism of benomyl needs to be more completely
described. Studies need to be conducted in males and
females using sufficient numbers of animals at: 1) expected
exposure levels, 2) elevated levels and 3) with pretreatment,
in order to have adequate information to satisfy the regulations,

Table 1. Incidence of Liver Tumors
in Mice from Positive Studies

Study # [liver dose in ppm 3750/
Strain neopl. [0 150 300 { 500 1500 7500**| 5000 7500
Benomyl
00096514
CD-1-male|benign| 9/77 9/80 11/79 10/80
malig.|16/77 26/80 41/79 17/80
total |25/77 35/80 52/79 27/80
~-female|benign{ 2/77 2/80 7/79 /77
malig.| 2/77 7/80 6/79 14/77
total | 4/77 9/80 13/79 21/77
MBC
00096513 |benign|11/80 15/80 14/80 | 3/80*"
CD-1-male (malig.|{ 2/80 5/80 9/80 | 0/80*
total [13/80 20/80 23/80 | 3/80*
-female|benign|{ 0/79 5/78 5/80 /78
malig.| 1/79 4/78 15/80 12/78
Hb 0/79 0/78 1/80 0/79
total | 1/79 9/78 21/80 15/78
MBC
GS0119-012|NN 9/100| 6/98 | 13/100 9/100
Swiss-male|malig.| 1/100| 1/98 2/100 1/100
Hb 1/160; 1/98 1/100 7/100
total [10/100] 8/98 | 16/100 17/100
~female NN 0/97 1/99 1/98 9/97
malig.| 1/97 0/99 0/98 0/97
Hb 0/97 0/99 0/98 0/97
total | 1/97 1/99 1/98 9/97

liver neopl.
benign (adencmas)
malig. (adenocarcinomas)
N.N. {neoplastic nodules - benign)
Hb (hepatoblastoma - malignant)
*sacrificed at week 73 due to high mortality
**Males received 7500 ppm for 15 months, than 3750 ppm until sacrifice
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The positive oncogenicity studies discussed in the PD4
included one benomyl and two MBC mouse studies, Both the
benomyl (00096514) and 1 MBC study in CD®1l mice (00096513)
had an increased incidence of hepatocellular adenomas and
carcinomas ir males and females (see table 1).

Beems et al., (GS0119-012) reported in 1976 that SPF,
albino, Swiss random bred mice treated with up to 5000 ppm
for 80 weeks, had an increased incidence of malignant liver
tumors (high dose males) and benign liver tumors (high dose
females) (see table 1),

A recently submitted study tested MBC in NMRKEf(SPF71)
mice for 22 months (GS0119-0l11). A preliminary evaluation
indicated no increase in incidence of neoplasia. However,
there was an increased incidence in toxic liver damage consisting
of hypertrophy of centrolobular and intermediary hepatocytes,
liver necrosis and increased mitotic activity at the high
dose (5000 ppm). ’

There was no increased incidence of neoplasms in doygs or
albino Charles River CD rats, Although, there was no maximum
tolerated dose (MTD) established in the chronic benomyl rat
study (high dose 2500 ppm), the MBC chronic mouse study
established an MTD at 5000 ppm, It is expected that the
toxicity of MBC is either equal to, or greater than benomyl
since benomyl rapidly hydrolyzes to MBC both in vitro and
in vivo in an aqueous anvirgnment.

The Q,* of 2.065 x 1072, used in the PD4, was based on
the hepatiC neoplasms in CD-1 female mice treated with MBC since
that study was considered to produce a more conservative assessme.
of risk than the benomyl study. The Toxicology Branch Peer
Review Committee on Benomyl is currently evaluating the weight-
of-the-evidence for assessing the oncogenic potential of benomyl.

The mutagenic activity of benomyl and MBC was discussed
in detail in the PD 2/3 and 4, The PD 4 concluded that both
compuvunds were spindle poisons which could result in
nondisjunction and aneuploidy. Nondisjunction was reported
in A. nidulans after exposure to benomyl and MBC (GS0119-013).
Benomyl was associated with gene mutation in strains of S.
typhimurium with activation (GS0119-001) at 10,000 ug/plate.
It also was mutagenic in mouse lymphoma cells (L5178Y TK*+/-)
(GS0119-002) with and to a lesser extent without activation,
In chinese hamster ovary cells (HGPRT) (00038808) however,
benomyl,even at levels of 172 uM, was not mutagenic with or
without activation. Benomyl was not associated with DNA
repair in primary mouse and rat hepatocgte cultures (GS0119-005,
GS0119-006). There were no chromosome breaks in vivo with
chinese hamster bone marrow cells treated with up to 1000
mg/ml MBC (GS0119-008). Although benomyl and MBC caused
increased incidence of micronuclei in polychromatic erythrocytes
in mouse bone marrow it is likely that this response was a
result of spindle effects rather than chromosomal damage (GS0119-
-008). Benomyl was weakly positive for sister chromatid exchange
(SCE) in vitro in chinese hamster ovary cells with and without 1C§
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activation (GsSG119-004). The PD4 concluded that "benomyl and

the MBC metabolite of benomyl ... have been shown to cause
effects to the cellular spindle apparatus, The impact of this
effect to human health cannot be adequately assessed at this time,
Therefore, mutagenic risk in the form of heritable spindle
effects or point mutagenicity do not now lead to a recommendation
for regulatory action, However, the data on mutagenicity are
supportive of the qualitative determination of benomyl's
potential teratogenic, spermatogenic and oncogenic effects.,"

The testes has been identified as a primary target of
benomyl. It has been reported to affect the testes and epididymus
in both acute and chronic studies., Decreased size of testes,
depressed spermatogenesis or aspermatogenesis has been observed
in rats, dogs, mice and rabbits by oral (gavage and dietary),
dermal and inhalation routes, These studies are summarized
in Table 2.

Table 2 Benomyl Studies With Testicular Effects
Oral - Dietary
Dogs - no effect after 2 years at 2500 ppm (62.5 mg/kg/day)
(00097305, 00081913, 00097318, 00097326, 00061618,
00068981).
Rats (ChR-CD) - no effect in rats after 2 years at 2500 ppm
(125 mg/kg/day) (00097284, 00068981). ,
Mice (CDl) -~ testicular degeneration at 2 years at 5000 ppm
(750 mg//kg/day) (00096514),
Oral - intubation
Rats (ChR-CD) - single exposure - testicular effects after
14 days with 670 mg/kg (NOEL = 450 mg/kg) (00066779).
Rats (ChR-CD) - 10 doses (in 14 days) - testicular effects
at 200 mg/kg/day, the lowest dose tested (00097601).

Inhalation

Rats (ChR-CD) - a single exposure at 33 mg/kg (0.82 mg/l)
resulted in testicular effects (NOEL = 7.5 mg/kg
{0.20 mg/1)) (00097281).

Dogs -~ a single exposure at 82 mg/kg (1.65 mg/l) resulted
in testicular effects (NOEL = 32 mg/kg (0.65 mg/l))
(00097275).

Dermal .

Rabbits - a 21 day exposure study resulted in decreased
testicular weights at 1000 mg/kg, the NOEL was
500 mg/kg (00097287).

The teratogenic effects of benomyl were discussed in detail
in the pPD4. Microphthalmia, anophthalmia and hydrocephalia
occurred when benomyl was administered by gavage to Wistar
rats at 125 mg/kg/day on days 1-20 or 7-15 of gestation (NOEL
= §2.5 mg/kg/day) (GS0l119-~015). In a separate gavage study
with Wistar rats, lack of eye bulges and CNS herniations were
observed at the low dose tested of 62.5 mg/kg/day (GS0119-016),
Microphthalmia was also observed in the fetuses of ChR-CD rats
given 62.5 mg/kg/day but not 30 mg/kg/day by gavage (00115674).
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This study was used to set the NOEL of 30mg/kg/day for
teratogenesis, Benomyl was also teratogenic (LEL 100 mg/kg/day)
in CD-1 mice (GS0119-017) when administered by gavage.

studies in the rabbit and Wistar and ChR-CD rats have all

been negative when the route of exposure to benomyl was

dietary (00035352, GS0119-017, 00078620). The PD4 considered
the different teratogenic results depending on exposure route
as follows:

“The FIFRA Scientific Advisory Panel (SAP) has
acknowledged the contradictory results obtained from the
two methods of dosing and have recommended that any NOEL
established through the gavage method of administration _
of benomyl should be qualified by the essentially negative
results obtained in dietary studies,

The Agency considers that gavage administration of test
material is scientifically more acceptable than dietary
dosing for determining a NOEL for teratogenicity because
it eliminates problems of palatability, drug stability,
nutrient integrity and calculations of accurate dose
levels. The Agenny supports the ... opinion, that gavage
assures relevance of treatment to the human condition for
chemicals 1ike benomyl (which are rapidly metabolized),
since rodents, by preference, eat frequently during
waking hours, whereas humans dine at relatively orderly
intervals during the day. Therefore, the peaking of
blood residues following gavage administration more
nearly parallels the human situation than continuous
uptake of the chemical in the rat diet,”

The dermal absorption of benomyl is complex, Percent of
benomyl absorbed/unit time decreased with increasing dose in-
a nonlinear fashion. It also increased with duration of
exposure to a maximum at about 4 hours (see table). Blood
concentrations of benomyl also increased with increasing dose
(see table 3), Between 96 and 99 % of absorbed benomyl were
excreted in the urine by 10 hours,

Table 3. Percent of the benomyl dose absorbed per hour,
and blood levels at 4 hours

Dose (a.li.) puration of exposure (hours) 'ug/ml in
mg/rat 0.5 1.0 2.0 4.0 - 10 |blood
0.1 .090 - 0174 357 <434 .352 .004
1.0 .032 .045 .059 .085 .049 .008
10 012 .011 .020 .012 .010 .036
100 .002 .004 . 005 .007 .003 «070

Benomyl has been shown to be a Toxicity Category 1I for
eye irritation (00064820), a skin sensitizer (00097289) and

a mild dermal irritant (toxicity category IV). The labels should
have the appropriate warning statements,

o
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Data Gaps for Benomyl

° subchronic inhalation toxicity study - 90-day
° Metabolism studies: low dose, high dose, and repeated dose.

Tolerance Reassessment

Tolerances for benomyl in the CFR § 180.294 are for the
parent compound and its metabolites containing the benzimidazole
moiety (calculated as benomyl), '

ADI

The five studies required to determine an acceptable
daily intake (ADI) are listed in table 4,

Table 4. 5 required studies and NOELs for establishing an ADI

Study Type NOEL 7 Reference
ppm m day
chronic rat feeding 25%0 i@('gz 00097284, 00068981
chronic dog feeding 500 12,5 00097305, 00081913,
00097318, 00097326,
00061619
3 generation reproduction 100 5 00066773
rat teratology 30 00115674, 00126522
mouse teratology 50 GS0119-017

The no observable effect level (NOEL) of 5 mg/kg/day, obtained
from the most sensitive study (see table + was divided by a
safety factor of 100 to derive a ADI of 0.05 mg/kg/day. The
maximal permissible intake (MPI1) for a 60 kg adult is:

0.05 mg/kg/day x 60 kg = 3 mg/day

TMRC

Tolerances for the commodities in table 5 have been published
in the federal register and have a theoretical maximal residual
concentration (TMRC) of 1.9785 mg/day of benomyl which is
65.78 8 of the ADI. The TMRC of 1.9785 m¥(daz would be
0.03289 mg/kg/day for a 60 kg adult., Table lists commodities
that have petitions pending for tolerances. These commodities,

if approved, would add 0.2728 mg(da¥, raising the TMRC 13.79 8%
to 2.2513 mg/kg, which is 75.04 % of the ADI. The new TMRC of

2.2513 mg/day would be 0.03752 mgékg/da! for a 60 kg adult.
The proceeding calculations use olerances, the worst case
for dietary exposure and did not consider per cent of crop
treated and actual residue values (including processing).

The PD 4 listed percent of crop treated where the data was
available (see table S). When these values are taken into
consideration the average residue level of benomyl (for crops

with published tolerances) in the diet decreases to 1.00689
mg/day which is 33.56 % of the ADI. —
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Teratogenesis

The NOEL for teratogenesis used for .this analysis was
30 mg/kg/day (00115674, 00126522). Tolerance level residues
were assumed for every commodity with published tolerances.
Using the detailed acute analysisl, with all statistics based
on users daily consumption of food containing benomyl (for
females 13 years of age and older) the weighted-average daily
exposure was 0,039421 mg/kg/day. The MOS< based on

the NOEL of 30 mg/kg/day was 30mgékg£da! = 761,
mg/Kkg/day

The distribution of exposure for the population at risk
(femalos ?reater than 13 years of age) using the TAS analysis,
is summarized as follows, Forty four % of these women had a

MOS at or above 1000, The NOEL was 200 times the exposure
level reported for the individual with the highest potential

estimated exposure,
Individual crops with high residues were tomatoes,

brussel sprouts, grapefruit, oranges, peaches, nectarines,
plums, pineapple.

Spermatogenic effects

Tolerance level residues were assumed for every commodity
with published tolerances. The NOEL for spermatogenic effects
used in the PD4 was 7.5 mg/kg/day was based on an acute rat
inhalation study (00097281) because it was the most sensitive
test for spermatogenic effects. The limiting dose used for
comparison was 0,075 mg/kg/day (the NOEL of 7.5 mg/kg/da {
divided by a safety factor of 100). Using the TAS detailed
acute analysisl, with all statistics based on users daily
consumption of food containing benomyl (for males 13 years of
age and older) the weighted-average daily exposure was 0.035151
mg/kg/day. This was 46.87 % of the limiting dose of 0.075
mg/kg/day. The MOS2 based on the NOEL of 7.5 mg/kg/day was

7.5mg/kg/day = 213
0.035151 mg/kg/day

The distribution of exposure for the population at risk
(males greater than 13 years of age) using the TAS acute
exposure analysis is summarized as follows. Thirteen % of
these men had exposure at or above the limiting level. No
individuals had exposures greater than 3 times the limiting
dose., The MOS was 33 for the individual with the highest
exposure.

Individual crops with residues which result in acute
single serving dietary exposure to benomyl at or above 75 % of
the limiting dose (0.075 mg/kg/day) were grapefruit, peaches,
and pineapple,

The chronic dog feeding study (00097305) with a NOEL
of 62.5 mg/kg/day (HDT) for spermatogenic effects, is the most
conservative NOEL for this lesion, from a chronic feeding
study (rat NOEL = 125 mg/kg/day; mouse NOEL = 225 mg/kg/day).
The TMRC (calculated from the maximum published tolerances and

1l Tolerance assessment system (TAS) was used for these calculations

2 MOS = margin of safety

T L A L R R UL R RN
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food factors) for chronic exposure to benomyl is 1,9735
mg/day (60 kg adult) or .03289 mg/kg/day. The resultant MOS
using this NOEL (62.5 mg/kg/day) is .

62,5 ma/kg/day = 1900.
. mg/ kg ay

Oncogenesis

The potency estimator, (,* for oncogenicity, presented
in the PD 4 was 2,065 x 10-3 %mgékg body weight/day=l) (see
policy discussion). The upger 95 % bound on cancer risk for
dietary exposure is 6.8x107° (the Ql* multiplied times the
TMRC). Table 5 gives the risks for the individual commodities,
When the percent of crops treated is taken into consideration
the risk decreases to 3.5x10~5, Both values however, round

to 10=5 o 10-4, “Therefore, current data concerning percent

of crops treated, does not appreciably decrease the dietary
risks of bencmyl.

The 3C2B letter of May 14, 1985, required the registrant to
submit real residue on apples, peaches, pineapples, rice, milk,
soybeans,citrus and tamatoes. The potential residues for these
commodities, when based on published tolerances, comprise 76 %
of the TMRC. The resultant residue data may decrease the 3
ADI, teratogenic, spermatogenic and oncogenic risks from

benamyl.

The risk to ﬁlicators and mixer/loaders was addressed
in deta n the . e Exposure Assessment Branch chapter
has not yet been campleted as of the date of this section.

" They have reported no major alterations in the use patterns
of bencmyl since the PD4 (verbal communication with Harry
Day, EAB, 10/4/85). The worst case job related exposure would
be for mixer/loaders for grapes/fruit crops with aerial
application; 0.35 mg/kg/day without a dust mask. This results
in a margin of safety of 21 for spermatogenic inhibition (NOEL
from an acute rat inhalation study was 7.5 mg/kg). The exposure
would decrease hy 90 % with a dust mask, If alterations are
reported in the Exposure Assessment chapter when completed,
Toxicology Branch would need to consider their impact on the

- job related risk due to benamyl.
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TABLE 5. Dietary "Worst Case" Exposure .
and Estimate of Upper Bound Risk (95 % Confidence Level)
Based on Tolerances for Benomyl

Tolerance|Food factor|Daily Intake|Cancer Risk {Percent|Daily i
Crop (ppm) (mg/1.5kg {100 % crop |of cropladjust.
diet/day) treated) treated|8 treat
cus fruits 10. 3.81 0.57179 10-5 66, 0.377°
les 7. 2.53 0.26565 10~5 23, 0.061:
1toes 5. 2,87 0. 21561 106-10~5 | 18. 0,037
shes 15. 0.90 0.20235 10-6-10"5 | 74. 0,149
2apple 3s, 0.30 0.15560 10-6-10-5 | 33. 0,051
s>es, not raisins | 10. 0.45 0.06745 106 29, 0.019¢
s 2. 2.04 0.06120 10-6 37. 0.022¢
< & dairy prod, 0.1 28.62 0.04292 10-6 100. 0,042
3 5. 0.55 0.04139 106 22, 0.009!
at 0.2 10.36 0.03109 10-6 100. 0.031
3sins s0. 0.04 0.03066 10~6 29, 0.008:
ns 1. 2. 0.03005 10-6 80. 0.024¢
ns, inc prunes 15, 0.13 0.02989 10-6 17. 0.005¢
s 7. 0.26 0.02683 10-6 46. 0.012
lcots 15. 0.11 0.02529 10~6 73. 0.025.
cries 15. 0.10 0.02299 10-7-10-6 36. 0.008..
t, inc poultry 0.1 13.85 0.02077 10~7-10"6 | 100. 0.020"
awberries 5. 0.18 0.01380 1077-10=6 | 70, | 0.009
ary 3. 0.29 0.01288 10°7-10"6 | ss. 0.011
ar, cane & beet 0.2 3.64 0.01091 10~7-10~6 | 100. 0,010
xbers, inc pickl | 1. 0.73 0.01088 10°7-10"6 | 44. | 0.004°
ssel sprouts 15. 0.03 0.00675 107 100, 0.006'
tarines 15. 0.03 0.00675 10~7 74.. |-0.005:
nese cabbage 10. 0.03 0.00450 10~7 100. 0.004
jelion 10. 0.03 0.00450 10-7 100. 0.004-
aroams 10. 0.03 .| 0.00450 10~7 50. | 0.002.
n, sweet 0.2 1.43 0.00429 10-7 100. 0.004.
anas .2 1.42 0.00426 10~7 100. 0.004.
3 0.1 2,77 0.00416 107 100. | 0.004
skberries 7. 0.03 0.00315 10~7 50. 0.001
aberries 7. 0.03 0.00315 10~7 55. 0.001
senberries 7. 0.03 0.00315 1077 50. 0.001
rants 7. 0.03 0.00315 1007 100. 0.003
berries 7. 0.03 0.00315 10~7 50. 0.001
anberries 7. 0.03 0.00315 10-7 50. 0.001
pberries 7. 0.03 0.00315 10~7 27. 0.000
oeans (oil) 0.2 0.92 0.00275 1007 2.6 | 0.000
nip greens 6. 0.03 0.00270 10~7 100. | 0.002
bage, sauerkraut 0.2 0.74 0.00221 1078-10~7 | 100. 0.002
okin, inc squash 1. 0.11 0.00169 10°8-10~7 | 90. | 0.001
rots 0.2 0.48 0.00144 10-8-10~7 | 100. 0.001
cados 3. 0.03 0.00135 10~8-10~7 5. | 0,000
Joes 3. 0.03 0.00135 10~8-10~7 50. 0.000:
ayas 3. 0.03 0.00135 10-8-10=7 | 100. | 0.001

1. mg/l.5kg diet/day
o e e S e e e e

U
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rfable 5 continued
Tolerance [Food factor|Daily Intake Percent |Daily Inta
CrROP (ppm) (mg/1.5kg |Cancer Risk |of cropladjusted f
diet/day) treated|% treated:
t potatoes 0.2 0.40 0.00120 10-8-10~7 | 100. | 0.00120
0.2 0.36 0.00107 1078-10~7 | 100. | 0.00107
its 0.2 0.36 0.00107 10°8-10"7 22, | 0.00024
ar squash 1. 0.03 0.00045 10-8 100, | 0.00045
arsquash 1. 0.03 0.00045 10-8 100. 0.00045
’rs 0.2 0.12 0.00037 108 100. | 0.00037
soli 0.2 0.1 0.00031 10~8 100, | 0.00031
0.2 0.10 0.00031 10-8 38, | 0.00012
ards 0.2 0.08 0.00025 108 100, | 0.00025
iflower 0.2 0.07 0.00021 10-9-10-8 | 100, | 0.00021
ard greens 0.2 0.06 0.00018 10-9-10~8 | 100. | 0.00018
ach 0.2 0.05 0.00015 10-9-10~8 | 100. | 0.00015
ips 0.2 0.05 0.00015 10-9-10-8 | 100. | 0.00015
N 0.2 0.03 0.00009 10-9-10-8 | 100. | 0.00009
lant 0.2 0.03 0.00009 10-9-10-8 | 100, ‘| 0.00009
ic 0.2 0.03 0.00009 10-9-10-8 | 100. | 0.00009
0.2 0.03 0.00009 109-10-8 | 100. | 0.00009
-abi 0.2 0.03 0.00009 10~9-10-8 | 100. | 0.00009
- 0.2 0,02 0.00009 10-9-10-8 | 100. | 0.00009
)agas 0.2 0.03 0.00009 10-9-10-8 | 100. | 0.00009
0.2 0.03 0.00009 10-9-10-8 | 100._ | 0.00009

1/1.5kg diet/day

TABLE 6. Dietary "Worst Case" Exposure
and Estimate of Upper Bound Risk (95 % Confidence Level)
Based on Proposed Tolerances for Benamyl

Tolerance|Food factor|Daily Intake
CROP (ppm) (mg/1.5kg Cancer Risk
diet/day)

yams (yautia) 0.2 0.03 0.00009 10~9-10-8
lettuce 10. 1.31 0.19622 10-7-10-6
eggplant* 4.8 0.03 0.00216 10-8-10-7
peppers* 4.8 0.12 0.00883 10-7~10-6
escarole/erdive 10. 0.03 0.00450 10-7
beets - - 0.2 0.17 0.00052 10-8
beet greens 15. 0.03 0.00675 1077
liver* 1.8 0.3 0.00081 10-8
cabbage, sauerkraut* 4.8 0.74 0.05298 106

*these represent additional tolerances over that previously published,
i.e. eggplant: previous 0.2 ppm; additional requested 4.8 ppm; total new
tolerance requested 5.0 ppm.
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b 4/85
1888008882008 888808 0320080088228 882238228828822322288283283283¢88¢2¢
§158,135 ~ TOXIOOLOGY = ACUTE TESTING @

- 81~1 - Acute Oral Toxicity - Rat
1828322233222 28222 888288280822 882 8888288880333 232888383232883238283232323232882823288328328283¢
tA.1.=Bencmyl; Carbamic acid,{1-((butylamino)carbonyl)~1H-benzimidazole~2-yl), H
methyl ester

19332282883 822222882828828333288323232283323832238238833888323822883283338332233233822288832838383322
tPAGE _1 of _1 for this requirement::DATED _/ / s3:Supercedes page dated _/ / :
132883132828 88322882522383888383238833232382833232883883332283282338338282323322282832883328¢8¢
s Current Use Guideline Are Data Footnote :
H Use Category Status Required Number 3
] = :
: (X1 A. Terrestrial - Food Crop [R] YES :
: (X B. Terrestrial - Nonfood (R] YES :
] [ C. Aquatic -~ Food Crop [R] :
s ) D. Aquatic - Nonfood [R) » :
: X) E. Greenhouse - Food Crop {R) YES s
: (X) F. Greenhouse - Nonfood (R} YES :
3 {X] G. Forestry [R] YES :
s (X] H. Domestic Outdoor (R] YES :
: U I. Indoor [R] :
1202832885802 3000838302388 228288 53382383333¢883¢83¢2¢
:STATUS OF DATA REQUIREMENTS ’ H
H :
: satisfied X Partially Satisfied Not Satisfied :
t Months to Generate Additional Data :
B3R R A R R R R R R A A R R R R A R R e R
sCITATIONS: ( S= Fully satisfactory P= Parti ally Satisfactory N= Not Useful):
: 00097277 (S) :
DATA REQUIREMENT E’OUINUI‘ES:
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-2 4/85

3818 eTI020 0ot 888828 88 8328832228828 8282882838338¢8¢88288888¢28¢32¢
1158.135 ~ TOXIOOLOGY ~ ACUTE TESTING @
-~ 81-2 = Acute Dermal Toxicity

3338333323882 38523 838383283833 82883333 8832388 328328333232222228828¢888288388282828822828¢8¢8¢3

:A.I.mBenamyl; Carbamic acid,(1-((butylamino)carbonyl)-1H-benzimidazole~2-yl), :

methyl ester

1828888003 T I 088800800 R st 0002000222028 2828283833282233332883288288z238228

PAGE _1 of _1 for this requirement::DATED _ / / ::Supercedes page dated _/ /

18083 T88 8088080 s3I0 082828322222223233232283822322223222223238338328¢8282828288

i Current Use Guideline Are Data Footnote
i Use Category Status Required Number
: X A. Terrestrial - Food Crop [R) YES
: X B, Terrestrial - Nonfood {R] —ns

[] C. Aquatic - Food Crop R]

0 D. Aguatic - Nonfood (R]
: {X) E. Greenhouse ~ Food Crop [R] YES

(X F. Greenhouse ~ Nonfood {R] _YES

[x) G. Forestry [R] YES

(X) H. Domestic Outdoor (R]

) I. Indoor (R]

T IIIIIIIIIIIIIIIIILIINIIIIIIILILINLILIIIIIIILISNIIILILILLLIILILLILILS
:STATUS OF DATA REQUIREMENTS

Satisfied X Partially Satisfied Not Satisfied
Months to Generate Additional Data
R I R I I R R I I I T L I LR R R R LA R A R R R R R R R R LR A

CITATIONS: { 8= Fully satisfactory P= Part.:iélly Satisfactory N= Not Useful)
00064822 (S)

90 00 8% 4b 00 90 S0 BE 26 59 S0 os P 4o S0 28 UG V6 N6 60 UE NE SV O3 54 B0 G0 G0 4 S0 S0 08 06 8¢ 08 oo P

o a0
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-3=- - 4/85
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R A R R R R R R AR R R R R R R R AR RR R R AR AR AR RS
158,135 = TOXIOCOLOGY = ACUTE TESTING : )

= 81=3 = Acute Inhalation Toxicity - Rat
12228228228822282233283¢632882088222322328233283¢88228228328288828 8883388222220 8223288882283
\.I.=Benomyl; Carbamic acid,(1-((butylamino)carbonyl)-1H-benzimidazole-2~yl), 3
methyl ester

3333828238 832282222833238323308820883228 38020t LIRILLOLOBILIERILL YL RLSLS:
PAGE 1 of _1 for this requirement::DATED _ / ,° ::Supercedes page dated _/ / :
R N R TR IR R R R R R R R R R R R R R A R R R R E L E R S R R R R A R N R R R R R R R R RN R R R RN TR EX RIS

Current Use Guideline Are Data Footnote :
Use Category Status Required Number :
MBI ERWENN I N 1 0 H

X} A. Terrestrial - Food Crop [R) YES H
(Xl B. Terrestrial - Nonfood (R} 3
{1} C. Aquatic - Food Crop [R] :
0 D. Aquatic - Nonfood (R] :
[X] E. Greenhouse - Food Crop - {R] YES :
(X F. Greenhouse - Nonfood (R] _YES :
(Xl G. Forestry s
(X) H. Domestic Outdoor (R] _YES :
[} I. Indoor (R] :

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R AR R R R R R R AR R R R R R RERRERREE!
STATUS OF DATA RECQUIREMENTS .

Satisfied X Partially Satisfied " Not Satisfied

Months to Generate Additional Data
$223289282332282222232282328 3388222823333 2888822282282 8LLLe
‘ITATIONS: ( S= Fully satisfactory P= Partially Satisfactory N= Not Useful)

s 50 e 84 er e

00097599 (S) :
00097281 (S)

1 e

ce ot 28 #s es

s e

s0 ¢8 se o0 e

) ) . . as e e
I EEREREEEEY ss0cscevssanensecsseani s vsecessceccs s LR IR R R I R ssesss o s05essss e




@ ® 0437

-4~ 4/
$88833222888 8282222222828 38282328882 222883 2888828228288 888338282¢8¢2%::
58.135 - TOXIOCOLOGY = ACUTE TESTING

- 81~4 ~ Primary eye irritation - Rabbit
IR AR R R R R R R R R R R A R R R R R R R R A R A R R R R R R R R R R R R R R R R AR R R R R R R R AR AR R AR R R AR R R AR R AR R DY
.. I.=Benomyl; Carbamic acid,(1-((butylamino)carbonyl)-lH-benzimidazole-2-yl),
mathyl ester

$3839222223233223238232322832323222823383282323 3282283238383 8382323288022 3 88823288 21123:;:
'AGE _1 of _1 for this requirement::DATED _ / / 1:Supercedes page dated _/ /
1812888808808 88 8238828028380ttt ss eIt sI eIt EsIsIILISLIIIICSLIC

Current Use Guideline Are Data Footnote

Use Category Status Required Number
IR0 NEN N0 N b ] » » nus

(X A. Tervestrial - Food Crop IR] YES

(X B, Terrestrial - Nonfood (R] TYES

[} C. Aquatic - Food Crop [R)

_ D. Aquatic - Nonfood {R]

{X] E. Greenhouse - Food Crop (R} YES

(X F. Greenhousae - Nonfood (R) YES

[X) G. Forestry (R] YES

(X) H. Domestic Outdoor (R) TYES

$30 Il IIyIEtIIiIIII oI IIIIIIIILISIIIYIIILRIIRIILIILIIILIIILIILIIIILILIL:
TATUS OF DATA REQUIREMENTS

satisfied X Partially Satisfied Not Satisfied

Months to Gererate Additional Data
$382313338383232882328222383328288¢833288282383328282383328288223223228332238828823208882228s8¢::
ITATIONS: { S= Fully satisfactory P= Partially Satisfactory N= Not Useful’

00064820 (S)
00084579 (S)

I R R R N E R R R T ] "eeenesence I R R E R R R R E R R N ] Sseso0svessnsennses
IR ERE R EEEREE R IR I t$es 000 0cssassves EREEEEE R R IR R I esesscons




® 8
=5 04¢7¢9 4/

$188208288088382328222888 88333828 83282883382888828323223122388838823¢23s
58,135 - TOXIOOLOGY - ACUTE TESTING :
~ 81-5 = Primary dermal irritation
123 TIIILIIS eIttt INLLIILIL:
.I.=Benomyl; Carbamic acid,(1-((butylamino)carbonyl)-1H-benzimidazole~2~yl),
mathyl ester

121880008881 eess 0800280 T80 8022228288388 808828538 8¢83322833¢83¢2:
WGE _1 of _1 for this requirement::DATED _ / / ::Supercedes page dated _/ /
1ILTIeII8 8288222208883 8322282828¢8881322 52328382833 833228883383222s2z2apeP88828882;

I XS R R R R R ERE R R R

Current Use Guideline Are Data Footnote
Use Category Status Required Nurber
BENENRER n -

X) A. Terrestrial - Food Crop (R] YES

I(E B. Terrestrial - Nonfood (R] T YES .
] C. Aquatic - Food Crop (R}

0 D. Aquatic - Nonfood {R}

(X] E. Greenhouse - Food Crop {R} - YES

(X F. Greenhouse - Nonfood [R] TYES

[x) G. Forestry [R] YES

(X H. Domestic Outdoor (R] g

() I. Indoor (R]

$33332333335338253282322332322323282228223 2002003283023 R IR LIBLILLL:
ATUS OF DATA REQUIREMENTS

Satisfied X Partially Satisfied Not Satisfied
Months to Generate Additional Data

$388082232822323232223282832332382232823828328228¢88323232323232282328282382 a8
TATIONS: { $= Fully satisfactory P= partially Satisfactory N= Not Useful)

00064821 (S)

. e
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-6- 4/8
1302288880088ttt IsnseSSNILLIIITLIIIIIIIILILIIILIIILIIL
1.135 - TOXICOLOGY = ACUTE TESTING s
= 81-6 - Dermal sensitization
1318822828835 35282220880 3 222222000 2852222288 3328282888222 882 RLSLLLL"
l.mBenomyl; Carbamic acid,{1-((butylamino)carbonyl)-1H-benzimidazole~2-yl),
mathyl ester
AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R A R R R R R R R R A R A R R R A R A R R R R R R R E A R R R AR R R R R A R e
€ _1 of _1 for this requirement::DATED __/_/r::Supercedes page dated _ / /
ETET8ITII800088020 0082838888882 888882882898282388.°982382828¢82888882328383838888282¢

Current Use Guideli.ne Are Data Footnote
Use Catego:y Status Required Nursber
‘IMEBERN RN nEANRR nmn = R N6 NN NN N n
[X} A. Tetrestrial ~ Food Crop {R] YES h

(X) B, Terrestrial -~ Nonfood {R] —YES
(] C. Aquatic - Food Crop [R]
0l D. Aquatic - Nonfood (R}
(X) E. Greenhouse = Food Crop [R] YES
(X) F. Greenhouse - Nonfood (R] YES
{X] G. Forestry {R} YES
(Xl H. Damestic Qutdoor : . [R] YES
[) I. Indoor 1:3)

1T3TITITII028280822882822232328283833238288233283223333828288232883888828888282823%888332883¢8¢
TUS OF DATA REQUIREMENTS e

Satisfied X Partially Satisfied Not Satisfied
Months to Generate Additional Data
syl oooTIRILILILILILILILILILISILEILLLIRIEILILIILILNILILILILTS s3ss2te

ATIONS: ( S= Fully satisfactory P= Partially Satisfactory N= Not Useful)

00097289 (S)
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PN @ 004579

- 4/85
IR R R R R R R R RN R R R R R E N R R R F N R R R R R R R R R R N R R R R R R R R R R R SRR A AR ER RN T
§158.135 = TOXICOLOGY = SUBCHRONIC TESTING 3
- 82-1 - 90~day feeding -~ rodent, non-rodent
R R R R R R N I R R R R R R N R R R R R R E E N E R R R R E R R R R R R R N R R R R R R R R R R
I.=Benomyl; Carbamic acid,(1-((butylamino)carbonyl)-1H~benzimidazole-2-yl)
methyl ester
1223222528883 2222322228282882832888335822823322288832823828388 3222288 888883222002 822L2
tPAGE _1 of ] for this requirement::DATED _ / / ::Supercedes page dated _/ /
£330 283 3888832283 222383283283233282328288222823232282283888282¢28¢2832283¢82328283
Current Use Guideline Are Data Footnote
Use Category Status Required Number

.
H
’

X1
g

Terrestrial - Food Crop [R] . YES
Terrestrial - Nonfood T )
Aquatic - Food Crop (R]
Aquatic - Nonfood

Greenhouse - Food Crop [R] YE-
Greenhouse - Nonfood

Forestry

Domestic Outdoor

I. Indoor [R)
$8888523233238388 2333323083833 882383832
S OF DATA RBEQUIREMENTS

13

[¢]
.

=1
po

£
=

£
2

I
F

..
3
..
23
00w g,
.

N oo
4

Satisfied X Partially Satisfied Not Satisfied
Months to Generate Additional Data

sgeeessvees H eeowoe
I E R E R E R E R R EREEEREY [ EEEEEREREEERERERE RN

CITATIONS: ( S= Fully satisfactory P= Partially Satisfactory N= Not Useful)

syt eseessasasrnses HE

00066771 (P) (rat)
00066785 (P) (dog)

G0 S0 56 80 00 80 op SF 45 S0 0e OO 61 OF B8 00 g0 €0 05 OF gy 00 S0 B
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H

soe0sceny S9N 0 00 0000800000000 080NN CCR00NILRCR00LO0088E00E00EseE0EDsACRSBEBOS
evesessce #9660 C3 2000000000020 00000000 008000008000 060¢C608 00008 CEGE0OCSIAINOSIOOIIROICEHETPDOPRTOEESTDOLS
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04679

. 4/85
1222228328282 8222383328888 2828 22338 8322288233323323283323232232828228882332883822228sss2
§158,.135 -~ TOXICOLOGY = SUBCHRONIC TESTING:
- 8§2-2 - 21~day dermal
3280818388888 888083288882 282233328288253282332822332383¢8328282232833223238288323228232338¢2
tA.I.=Benomyl; Carbamic acid,(1l-((butylamino)carbonyl)~lH-benzimidazole-2-yl),  :
methyl ester

$8328282888382228282888323232238332282828843288223333383223832232228223282883288332838832322
$PAGE _1 of _1 for this requirement::DATED _/ / ::Supercedes page dated / / :
1818288828 2228828282228238228822232282838288238382883¢838282828228823228282828223288388383238833828¢8¢3
t  Current Use Guideline Are Data Footnote :
H Use Category Status Required Number
H t
: [X] A. Terrestrial - Food Crop [CR yes :
t (Xl B. Terrestrial - Nonfood (CR yes :
: {1 C. Aquatic - Food Crop [CR] :
: ) D. Aquatic - Nonfood {CR] :
3 [X) £. Greenhouse - Food Crop [CR ~yes :
: (X) F. Greenhouse -~ Nonfood (CR yes :
3 (x] G. Forestry [CR __yes H
H (X H. Damestic Outdoor [CR] ~yes :
s ) 1. Indoor {CR] t
132222838883 333228282833323388522282332288223323258282333233883¢8332328283288883233333232333288288383233
tSTATUS OF DATA REQUIREMENTS H
: H
: Satisfied X Partially Satisfied Not Satisfied :
: Months to Generate Additional Data :
I A R R R R R R R R R R R R R R R R A A A A I R A s R R R R R A E R R A R R R
sCITATIONS: { S= Fully satisfactory P= Partially Satisfactory N= Not Useful):
: 00097287 (rat) (S) :
H H
H :

DATA REQUIREMENT FOOINOTES:




® ® o457y

) . =10~ 4/85
$88328383232883228383¢2223232823233¢82323322833 888222 0oL asaoIeRLeNNLee
§158,135 - TOXICOLOGY - SUBCHRONIC TESTING ¢

- 82-3 - S0-day dermal .
282832322228 22228223222228223222282222332328222832328823 333222382 82222282282233333333223223323232:¢
tA.I.=Bencmyl; Carbamic acid,(1l-({(butylamino)carbonyl)-1lH-benzimidazole-2-yl), 3
H methyl ester
2838823883388 8 2 LLRLSLIYIBILLYSYIBILESIEISBLILOYILILINLLL:
tPAGE _1 of _1 for this requirements:DATED _ / / ::Supercedes page dated _/ / :
3223888832288 833 832233823 28883¢822332822823282328328333¢833 223223238828 888888822288838288282828288222¢

g Current Use Guideline Are Data Footnote
: Use Category Status Required Number
s -
: X A. Terrestrial - Food Crop {CR] no

: (X) B. Terrestrial - Nonfood (CR] no

s { ] C. Aquatic - Food Crop [CR]

s 0 D. Aquatic - Nonfood [CR)

3 [X] E. Greenhouse - Food Crop [CR] no

3 [X F. Greenhouse - Nonfood [CR] no

: [(X] G. Forestry (CR] no

: [X) H. Domestic OQutdoor [CR] o

: )] I. Indoor [CR]

$32332232083 8808338388088 838525332033 322882322 2822832838283 83283283383232832333328333233323
3STATUS OF DATA REQUIREMENTS

:

3 Satisfied X Partially Satisfied Not Satisfied

H Months to Generate Additional Data

2322332832228 823822322288323282328323228228228232232822322282282328223 3383222202202 00832222
sCITATIONS: ( S= Fully satisfactory P= Partially sSatisfactory N= Not Useful)

86 00 28 PO ¢4 0F 26 95 66 UG 00 S 00 US 08 40 08 80 00 86 &8 o0

e ¥8 oo e

H
H
H
:
H
H H

14




@ @ |
e 004879, 45

1282888088888 8323822883283 32388025823383 23828 388¢83238822283 38328832822 228822
§158,135 - TOXICOLOGY = SUBCHRONIC TESTING @
- 82-4 - 90-day inhalation - rat

R R R R R R R R R R R R R R R R R R R R R R R R R A R R R R R R R R AR R N R R R R R R R R R RN R R R R R R A R R R R R R R R E
sA.I.=Benomyl; Carbamic acid,(1-((butylamino)carbonyl)-lH-benzimidazole-2-yl), H
t methyl ester

$I3332822228800 8838333 22288883 288330888833 882¢8¢82282888832228888822882888¢2283222828¢28223°
$PAGE _1 of _1 for this requirement::DATED _ / / ::Supercedes page dated _/ /
TS2880888838522888 8888808 8228032388252228¢82288822322828282883282¢828228282228233328282222828332822¢

e e

: Current Use Guideline Are Data Footnote
Use Category Status Required Number
B IR RN =
{X) A. Terrestrial - Food Crop [CR] ~ yes
X) B. Terrestrial - Nonfood [CR] yes
{] C. Aquatic - Food Crop {CR]
| D. Aquatic - Nonfood (CR)
[X] E. Greenhouse - Food Crop [CR] ~ yes
X F. Greenhouse - Nonfood {CR] yes
{X] G. Forestry [CR] yes
(X H. Domestic Outdoor (CR] yes
[} I. Indoor [CR]

338838;388833:3 AR AR R A A R R R R A R R R R R R R R R R R R R P R R R R R R R R R R R R R R R R R R R R R R R 5

STATUS OF DATA REQUIREMENTS

Satisfied Partially Satisfied Not Satisfied X
Months to Generate Additional Data 12 months
sPesesgseessss sessssesssseissesss

CITATIONS: ( S= Fully satisfactory P= Partially Satisfactory N= Not Useful)

ssesnavo8 s
sessss s H

O g8 S0 9o GF op 0 40 DF 00 S0 o8 PO G0 S0 G4 0 40 G0 40 05 00 OF 00 NG 40 PO gn €0 oo 90 o5 S5 ws 08 O
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$3333833838238383¢8 2332238328282 LBLLOLOLIBOLIILLISIOSRLESSQEOQCTOYYPYIYNIRIILILRIOLLILIOLIOLILIYITLTS
§158.135 - TOXIOOLOGY = SUBCHRONIC TESTING 1

- 82-5 - 90-day neurotoxicity - hen
P33128022222888228223 2323223328832 23232328323823232323828338828822888832 238328382z LLe
tA.I.=Bencmyl; Carbamic acid,(1-((butylamino)carbonyl)=~1H-benzimidazole-2-yl), t
: methyl ester -
$1320083883830282888882822 3888830223883l 88332282828088s3222228223232888¢
+PAGE _1 of _1 for this requirement:sDATED _ / / ::Supercedes page dated / / :
$riritrodzeoreeIIResILILILILIRIILLILIOLALILOLILSILOLIO SRRSO BQRRORROLILLLLRRLRORLLORQROQRILLISLOLS

¢ Current Use Guideline Are Data Footnote
1 Use Category Status Required Number
s

% (x] A. Terrestrial - Food Crop {CR) no

: (X) B. Terrestrial - Nonfood (CR) o

: ] C. Aquatic - Food Crop [CR]

: i D. Aquatic -~ Nonfood {CR]

: [x) E. Greenhouse - Food Crop [CR] no

H (Xl F. Greenhouse - Nonfood (CR] no

1 {x] G. Forestry (CR] no

H (X H. Domestic Outdoor [CR) [1~]

: {1 I. Indoor {CR}

318888808 8832332322388328823232822383232822388328282323333232383388232383383888382338383338¢828283¢
$STATUS OF DATA RBEQUIREMENTS

t

] Satistied X Partially Satisfied Not Satisfied

H Months to Generate Additional Data
$8382333852223832282228282323232322828238322283282328828222383223828238283283 2222228228382
tCITATIONS: ( s= Fully satisfactory P= partially Satisfactory N= Not Useful)

S5 00 6v ap G5 o8 S0 op S5 00 96 ep U o
S5 W6 00 60 S0 S 60 Se O6 4 S0 WG UG gp SF S8 PO 0O 0O SO 08 B0 S8 S0 06 S5 50 66 00 5 e 86 0 O
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$83332822832233822352832882328828288832323828282888338832832222882388832822828832 s
§158.135 - TOXIOOLOGY =~ CHRONIC TESTING @ .

~ 83-1 = Chronic feeding - (2 spp.) - rodent, non-rodent
SIS0 08282288 222228228238228232822232332283283282338232323223332833
tA.I.=Benomyl; Carbamic acid,(1-((butylamino)carbonyl)-1H-benzimidazole-
H methyl ester
2223230888888 8888232822322322832228282823328823233828333822888332228 283852283 3232288¢88323288e
sPAGE _1 of _] for this requirement:sDATED _ / / ::Supercedes page dated _ /
1028328282288 28288822828328832282833¢8882328283232332833¢82283328222323823238833238233383282282¢3
t Current Use Guideline Are Data Footnote
Use Category Status Required Number

.o
o
o
as
[y
es
oo
-
[
o0
)

v
~

— oo
-— oo

£3
's

Terrestrial - Food Crop [R)
B. Terrestrial - Nonfood {CR]
Aquatic - Food Crop (R]
Aquatic -~ Nonfood {CR}]
Greenhouse - Food Crop [R] YES
Greenhouse ~ Nonfood [CR]
Forestry [CR]
Domestic OCutdoor [CR]
Indoor o {CR]
NI R I R R R R R Iy
tSTATUS OF DATA RBQUIREMENTS

H

0
.

>I_J_
mo
- -

A
b

12

1

4 00 4o 00 ou C0 gp 0 e WS o0

p—

L—-
4
.

satisfied X Partially Satisfied Not Satisfied
Months to Generate Additional Data
I 22 R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R 1

TONS: { S= Fully satisfactory P= Parti;ii

g
<!
5“
L -
g
T e
| et
0 o
Qn
7]
g
J
A
e
1
T o

89 oo 40 40 BU 45 0 28 00 06 BV 06 90 G0 08 06 GO 60 00 B0 0 o8 B6 e

00097284 (P) (rat)
00097305, 00081913, 00097318, 00097326, 00061618 (P) (dog)

60 06 48 40 se % 00 00 v OF o8 *0 ee
e

€0 05 06 45 48 G0 00 90 00 38 eF 0 ¥4 s @0

£
.
.
.
.
°
°
.
.
.
.
.
.
.
.
.
IR R R R R R R s i i s i s s a i r  rnr r a
S 68 4086000000888 9Ce0D0 660008 CEcOERCERVINIITETIETROERCOEEECIEEIEIELEOVOQUOTDPUEIBROEBOERCEREOCOETCEIEOPROIRTOEETDBLIOIOIEOROEBDBOROLOEESTSTHSTS
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grasyssyosesoaseLLsaoeosTasoRoYLoIIoIIYTORIORIGIOGTOLIOIOLIOOLIOSGIOLIGSIOOSIOoIIGETOOIGTIOOILIOGIOGSIOGIOGCOORIOLIOIOYIOeOtITILIITILILIGLS

§158.135 ~ TOXIOOLOGY -~ CHRONIC TESTING :

- 83~2 = Oncogenicity study - (2 spp.) - rat , mouse
seIeIdIIeLLILILSIsISLRILISIILIOSILIRISAYIILIYISIOOLLOILINSIILYIOLIOIOIOSIOIOILIGISOIOIOLIISILIILOIIILILIOLILOLIOLIILILILLLLLY
:A,I.=Benomyl; Carbamic acid,(l- ((butylmnino)carbonyl)-IH-benzimidazole-Z-yl), :

H methyl ester

gresesoepseraosssIges oz aaILILOLIORIOGTSIOSIOLILIOIOLTOIOOLIYILIOOIOSOLRILIOIIIILIILIGIOILILILILILIILLILLLLLLLY
sPAGE _1 of _) for this requirement::DATED _/ / s3:Supercedes page dated / /
greessssrsosrsagsrNISILIOSSILIASIILILILITISLIOIOIOOIOGIOAOIGSILTLIIOGOOIISSQOIIILIOSIRIOOTOILIIILILILIDOIOIOOLILLILRLOLIILS

1 Current Use Guideline Are Data Footnote
Use Category Status Required Number
X A. Terrestrial - Food Crop (R] YES
X B. Terrestrial - Nonfood [CR)

{1 C. Agquatic -~ Food Crop [R]
0 D. Aquatic - Nonfood (CR]
[X] E. Greenhouse - Food Crop [R] YES
(X F. Greenhouge - Nonfood [CR]
[X] G. Forestry {CR]
(X H. Domestic Outdoor [CR]}
] 1. Indoor [CR}

o0
..
3
2]
ve
23
»e

STATUS OF DATA REQUIREMENTS

Satisfied X Partially Satisfied
Months to Generate Additional Data

éI TATIONS:

00097284 (P) (rat)
00096514 (P) (mouse)

88 00 0 00 00 o3 90 0 S0 g0 WD g9 60 09 0 90 S0 e % 05 0O Be PO 0w 08 40 60 o8 O ae B0 ¢ P go OO &

I R R AR s R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R DR R R R 2 ]

Not Satisfied

2832225282282322823823823233282¢822832822283322223222388322228322828882 2232882823883 8228
( S= Fully satisfactory P= Partially Satisfactory N= Not Useful)

90 48 S8 00 69 45 ¢ 00 08 S0 96 S BS 06 0 0% 88 95 40 o

%s 86 os 08 a» 00 e

oooooooooo
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gesesesyeteseoseoeeosoees oo eaaYYLIsLLIOLQIOQYILILIYIOIOLIOLILIROOILUISLILIIOQOCLIOLOIOIOLIOLOLOLILIOLS
§158,135 ~ TOXIQOLOGY - CHHONIC TESTING @

- 83-3 - Teratogenicity - (2 spp.) - rat, rabbit
IR R R R R R R R A R R R R R AR R R A AR IR AR R R A R A R A A R A R R R R A2 A A R R A R R A R AR R R R A s A R R R R R AR R R R AR R R R AR AR R 1S
tA.I.=Benomyl; Carbamic acid,(1-((butylamino)carbonyl)-1i-benzimidazole-2-yl), :
3 methyl ester
333888ty eRLoISLLYOOLIOLLIRLOREIYLIROSYOOISYOLISLYLISLILLILLILIIRILLORAROIYOILIOOIOOIOLOIOISIELILILILILISL
tPAGE _1 of _1 for this requirement::DATED _ / / ::Supercedes page dated / /
12121020883 808232328323323233238323322238232888383838828338382333333882338238332883283388338¢2

t  Current Use Guideline Are Data Footnote @
H Use Category Status Required Number
4 mn
2 X A. Terrestrial - Food Crop (R] YES

3 (X} B. Terrestrial - Nonfood [CR)

: {1 C. Aguatic - Food Crop [R]

1 (0 D. Aquatic - Nonfood [CR]

: [X] E. Greenhouse - Food Crop {R] YES

: (Xl F. Greenhouse - Nonfood [CR]

t 1X] G. Forestry {CR}

3 X H. Domestic Outdoor {CR}

] ] I. Indoor [CR]

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R R R R R RE AR R R R L
1STATUS OF DATA REQUIREMENTS

Satisfied X Partially Satisfied Not Satisfied

Months to Generate Additional Data
138822222 222828222323832332823282 8883288888308 8223 8208220888228t RLRLLSE
ITATIONS: { S= Fully satisfactory Pw= bPartially Satisfactory N= Not Useful)

) oo
S0 on BE De 96 0 S0 56 S5 00 G4 S0 WO U5 00 68 68 8 e oe

00035352 (N) (rabbit) 1
00115674, 00126522 (P) (rat)
GS0119~009 (P) (rat)
GS0119-017 (P) (mouse)

50 es 95 os 88 s 06 oo S5 se e e

B0 08 90 00 9% 90 B4 4y 00 4o P 4e G4 06 G4 OB 06 40 90 se S0 a4 OO

I R AR R R R R R  E  H R i s R s s s R T R
SR 0 E P E00EITCOINIEOEPOR 0000800880000 000080 000028866085 00RCe008000e000000e00ecsncCcoénaass S .
.
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DATA REQUIREMENT FOOTNOTES:
1. a second species gavage teratology study is still required
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$3223828 882822883 2228822288882822322288282282288233 22282282833 3322328832853223228283332383228¢8883332:
§158,135 = TOXIOOLOGY = CHRONIC TESTING @

- 83-4 - Reproduction ~ rat -~ 2 generation
2222223388830 2322232822228283288222828888283828328232232838282 2838022222238 8820020022228
tA.I.=Benomyl; Carbamic acid,(1l-((butylamino)carbonyl)-lH-benzimidazole~2-yl), t
t methyl ester S .
32822301880 888008 8282288282322 8828 222 823382328282228838883223328228283323232828232832288282328322288332
tPAGE _] of _1 for this requirement::DATED _ / / 1i1Supercedes page dated _ / / :
13223822383 82382323823232338223233282282333338283222332282222222828322283228328288832288382832388

004570

rd

: Current Use Guideline Are Data Footnote :
H Use Category Status Required Nurmber
z »n
: (X A. Terrestrial - Food Crop IR} YES

: (X) B. Terrestrial - Nonfood {CR]

H [] C. Aguatic - Food Crop [R]

: () D. Aquatic - Nonfood [CR] _

s £3] E. Greenhouse ~ Food Crop [R] YES

3 (X) F. Greenhouse - Nonfood (CR]

] {X] G. Forestry [CR}

s X H. Domestic Outdoor [CR]

: (L I. Indoor [CR]

$82822222282222223¢832282823288322322323223222822822828222882282235¢8228228322838233823888323282828828323228122
$STATUS OF DATA REQUIREMENTS

:

t Satisfied X Partially Satisfied Not Satistied
t Months to Generate Additional Data
1808182388883 882323222228232282228288232822322223828222323¢8323282322¢8¢8228223323282238¢8¢823¢
tCITATIONS: { S= Fully satisfactory P= Partially Satisfactory N= Not Useful)

00066773 (S)

€6 44 08 88 8¢ ea 22 00 B4 20 0P 55 60 0o 0P PE S8 0P 00 B S8 08 P 48 %O 8

% o0 S8 20 S5 20 90 48 S0 ee 6 46 0 00 O% se o0 s

»
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.
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.
.
.
H
.
.
.
.
.
H
.
.
.
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$1888800808820800283 8888822888838 822288288888882882388328383323323232383232323823238888282:
§158,135 = TOXICOLOGY - MUTAGENICITY TESTING

- 84~2 - Gene mutation

222820822228282222238222282832323883833233323832388333233332323323282333832332323233328332832382883382:
tA.I.»Benomyl; Carbamic acid,{1-((butylamino)carbonyl)-1H-benzimidazole~-2-yl),
3 methyl ester )
T2080088888888 888888888888 888888¢8888308823883388888888¢88888828¢882228288¢8888288888¢8¢882;
tPAGE _1 of _1 for this requirement:i:DATED _ / / ::Supercedes page dated _/ /
3238238228383 3232 LLLOLBLOLROILOOLOISLBQSSIQRIISLYILROQILILSILLILOORYRLRLOIOLIL:

t  Current Use Guideline Are Data Footnote
g Use Category Status Raguired Number
4 mEn ENENRRRERN R L2 U ] N I NI .
: (X A. Terrestrial - Food Crop [R) YES

: (X) B. Terrestrial - Nonfood [CR}

H {1 C. Aquatic ~ Food Crop [R]

t 0 D. Aquatic - Nonfood [CR}

: [x) E. Greenhouse - Food Crop (R] YES

: (X] F. Greenhouso - Nonfood (CR]

3 {x] G. Forestry ) [CR]

1 X H. Domestic Outdoor ' {CR]

: [ 1. Indoor [CR]

PEIt eIt eIl IIIIysILINIeIINIIIIIILIIIILIYILIIIIILILIILILIS
$STATUS OF DATA RBQUIREMENTS

:
: Satisfied X Partially Satisfied Not Satisfied

: Months to Generate Additional Data

1212338800823 88 02238228222 882322282382283823228283223232828°228¢823282232832282832822222828383222:
tCITATIONS: ( 5= Fully satisfactory P= Partially Satisfactory N= Not Useful!

00038808 (S)
GS0119~001 (sS)
GS0119-002 (S)

® a8 8% Do 8% 00 O 4p 56 4 0% e S8 sn 60 oa S ae

€ 680900880 B 00BN
®ecsssasans R R IR
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-18=- : 4/4

$32282282288233 228823808222 33238883838082 8322288888828 s822 2288288283883 232388382:
§158.135 ~ TOXICOLOGY - MUTAGENICITY TESTING

«~ 84-2 - Structural chromosomal aberration
228330888222 882 8808238832823 828882823¢83¢82 2322332238228 888323323 8383232888822 22232:
tA.I.=Benomyl; Carbamic acid,(1-({butylamino)carbonyl)-1H-benzimidazole~2-yl),
: methyl ester
1338883880t Ittt s It eSS aRgRsILILIL:
$PAGE _1 of _1 for this requirement::DATED _/ / ::iSupercedes page dated _/ /
1220885888880 8808888 8828 8ns8008ts et nsstssesteses st assenIiIsTIsseesILL:

1 Current Use Guideline Are Data Footncte
H Use Category Status Required Number
’ R 2 O MEENEES N
t (X] A, Terrestrial - Food Crop (R} YES

: (X) B. Terrestrial - Nonfood (CR]

1 {] C. tic ~ Food [R]

1 (Z D. mdc - bbnfog;op [CR]

H {X] E. Greenhouss - pood Crop [R] YES

H (X F. Greenhouse - Nonfood [CR]

g lx] G. Forestry [CRI

3 X] H. Domestic Outdoor CR

t () 1. Indoor [CR]

338323873288 33232322382233833832332833323°533333232833332333233333333383333338333338238382838:2.
$STATUS OF DATA REQUIREMENTS

3

H Satisfied X Partially Satisfied Not Satisfied

: Months to Generate Additional Data
£113II888 3820222833383 8528228328223332383332323233883333338332332228233:333232828238323833¢
sCITATIONS: ( S= Fully satisfactory P= Partially Satisfactory N= Not Useful

Gs0119-003 (s)
GS0119-004 (s)

® o0 90 4o B0 we 00 sa OC 4u O se ¢ ou SO g S6 0



Vwau éd

=19~ 4/4
$1002800880030883 388228338888 8822882080800 838 838 832833233288383¢82882828228828328¢83:
158,135 = TOXICOLOGY = MUTAGENICITY TESTING @

= 84-4 - Other yenotoxic effects
R R R R R R R R RN R R R R R R R R R R R R R R R R R R R R R N R R R R R R R R R R R R R R SRR RS R R RN R RN I LA
A.I.=Benomyl; Carbamic acid,(1-((butylamino)carbonyl)=-1H-benzimidazole-2-yl},
methyl ester
133SI sttt 888023220 8383828228228 s aRLsTBLYLLL:

PAGE _1 of _1 for this requirement::DATED _ / / ::Supercedes page dated _/ /
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R 2R AR RS R R AR AR R R R R R

Current Use Guideline Are Data Footnote
Use Category Status Required Number
(Xl A. Terrestrial - Food Crop (R} YES
(X B. Terrestrial - Nonfood [CR]

{1 C. tic - Food Crop (R)
0 D. mtic - Nonfood {CR]
[X) E. Greenhouse - Food Crop R} YES
Xl F. Greenhouse - Nonfood (CR)
[X) G. Forestry {CR)
(X) H. Domestic Outdoor (CR]
) I. Indoor {CR]

S8l a I IsIIIINIIIIIIILIIIIIIIIIILIIINIIILIILILILIILILILLILILS
STATUS OF DATA REQUIREMENTS

Satisfied X Partially Satisfied Not Satisfied
Months to Generate Additional Data
R TR R R R R R R R S R R N R R R E R R R R E R X T :::: t3starssssasrsosareasrye:

283822 23
CITATIONS: ( S= Fully satisfactory Partially tisfactozy Ne Not Useful)

GS0119-005 (sS)
Gs0119-006 (S)

5>




LJab Y

)
20~ a/

1818888282383 8338288332822883322828228338328¢883822388¢2882¢82323323323283228332338323838¢82¢
158,135 - TOXIOOLUGY - SPECIAL TESTING ¢
~ 85-1 = General metabolism
1388310222258 882008882288222223282281333828 202822222228
\.I.=enomyl; Carbamic acid,(l-((butylamino)carbonyl)~-
methyl ester -
1283288838232 222 2788288878232 8 83382228888 2382388838823288322832323283238232832338832333282:
AGE _1 of _] for this requirement::DATED _ / / ::Supercedes page dated _/ /
1888328012228 88222222883283 838288 3223238882222828282882828228223222828828283328282282383323283¢28¢83¢:

IR R R R R R R R R R AR R R R R AR B
1H-benzimidazole~2-yl),

Current Use Guideline Are Data Footnote
Use Category Status Required Number
n 2RRn REEENEXR MEERREE
(X) A, Terrestrial - Food Crop (R) YES
(X] B. Terrestrial - Nonfood {CR]
[ ] C. tic = Food (R]
(i D. mtic - Nonfoggop [CR]
%) E. Greenhouse - Food Crop [R] ' YES
(Xl F. Greenhouse ~ Nonfood [CR]
[X) G. Forestry [CR]
X H. Domestic Cutdoor - [CR]
[ 1. Indoor [CR]

2833383288282 3228823228222332288328223232383388¢882822823323323282283328833223233882335338838¢

VIATUS OF DATA REQUIREMENTS

Satisfied Partially Satisfied Not Satisfied X
Months to Generate Additional Data 24 months

i R R R IR R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R AR R R 1 3338 IR R RS R R R F R R 2 2

"ITATIONS: ( S= Fully satisfactory P= Partially Satisfactory »'1- Not Usei.x;

00066775 (N)

e
[
e
e
.
'
e
.
..
e
se
[
[
e
.
e
..
s
'y
..
(1}
o
..
"
..
..
.0
e
”
e
.
e
we
oo
oo
e
oe
.
..
113
11
..
s
.
e
(1}
(1]
.
'
.0
e
oo
.0
o
e
'
[
”
e
..
.
e
.
e
..
.
oo
e
'
(13
..
..
"
..
.

TA RBQUIREMENT FOOTNOTES:
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$38I208283353282028028238888332238383228 2332882088283 %0200 320202888828
§158,135 ~ TOXICOLOGY

3ISIITIII STt ILERRILILILILL
tA.I.=Benomyl; Carbamic acid,(1-((butylamino)carbonyl)-1H-benzimidazole-2-yl), :
3 methyl ester
$382282282228322228228228882232223288222282223228283322228233228232822822°8¢8222282228228282323222838¢833
tPAGE _2 of __ for this requirement::DATED _ / / ::Supercedes page dated _/ / 1
$82823228228223282828282383282332828288832823283228282¢82288¢8228382332323232°2282823828¢238828323328:22288288¢8¢8
DISCUSSION OF DATA:




@ BENOMYL #T5A & Ga4d5'7Y

study type study type
doe 1
ACUTE ORAL STUDIES TERATOLOGY
17454 p 1 587-82 (microphthalmia) p Sk
100-66 p 2 201~214 -rabbit-gavage p 57
k21-.80 P 5 649~80 « rat P 59
17«69 (Benlate) p 6 TWO YEAR DOG FEEDING P 65
17-69 (tech) p T | MUTAGENESIS
ACUTE DERMAL STUDIES micronucleus p 69
554-80 p 8 METABOLISM p T2
201-216 P 9 DERMAL ABSORPTION p 75
ACUTE INHALATION STUDIES TERATOLOGY P79
201-220 p 10 mouse - gavage
95-69 p 12 rat - gavage
192-69 dog p 1b rat - dietary
SUBCHRONIC FEEDING postnatal - rat - gavage {dams)
90 day ~ rat p 17 ONCOGENICITY « mouse p 86
90 day - dog p 20
NEUROTOXICITY
acute - hens #1 28-79 p 23 MBC T79C
acute - hens #2 67479 p 2k
21 DAY DERMAL STUDY SUBCHRONIC FEEDING
211-69 p 26 dog 90-day study p 1
KEPRODUCTION STUDY DELAYED NEUROTOXICITY P 4
264-68 p 29 CHRONIC FEEDING
CHRONIC/ONCO RATS rat-2 yr p b
232-69 p 32 dog-2 yr p 10
PRIMARY EYE IRRITATION REPRODUCTION
L97-80 p 35 195-72 -rat p 13
179-81 p 37
SKIN IRRITATION TEST-RABBIT
376-80 p 39
84-69 (Guinea pig) p 40
SKIN SENSITIZATION
84-69 (Guinea pig) p 40,
MUTAGENESIS
438-80 (CHO-Hgprt) p 43
LSU-7558 (L5178Y TK*/-) p b
LSU-T558 (micronucleus) p 46
LSU~-7558 (SCE) p 48
T41-81 (I DNA dammage m) p 50
742-81 (I" DNA dammage r) p 52
cont.




N04g7s

STUDY TYPE: Acute oral LDgg - Rats TOX., CHEM., NO.: 754
HASKELL LAB., REPORT NUMBER: 17h-65 FICHE/MASTER: 00066779

MR NO.: 581

SPONSOR: E. I. du Pont de Nemours and Company

STUDIES PERFORMED AT: . Haskell Lab. for.Toxlecology apd Industrial
Medicine, Wilmington, Del. T

AUTHORS: G.M.Zvwicker, H.Sherman
DATE REPORT SUBMITTED: December 15, 1965

TEST MATERIAL: Benomyl; 1-{(Butylcarbamoyl)-2-benzimidazolecarbamic
acid, methyl ester

SYNONYMS: Carbamic Acid, (l-((Butylamino)-carbonyl)=lH-benzimidazol=-
2-yl)-methyl ester
INT=1991
NB- 540991
DPX-3866 -
N.B. 8084-1663B

MATERIAL AND METHODS: Young ChR-CD rats were given single doses of
test compound in peanut oil, by stomach tube. The dosing schedule
vas as followvws:

Dose (mg/kg) 1k day surv./Treated _Rel. Testis Wt_(gm)
200 1/1 0.86
450 1/1 0.86
670 1/1 0.77
1000 1/1 0.79 .

The survivors vere necropsied after 1L days and the testes weighed
and compared to the final body weight. They were also evaluated
for visual and microscopic alterations.

RESULTS: There was no apparent change in body weight. There may
have been an absolute and relative testicular weight decrease
however there vere too few animals to confirm this. Both testes
vere small and soft in the 670 mg/kg treated rats. Up to 10 % of
the seminiferous tubules had degeneration and necrosis of the
germinal epithelium, absence of mature sperm in the tubules, and
multinucleated germinal giant cells (670 and 1000 mg/kg treated
animals).

DISCUSSION: There was definite evidence of macroscopic and
microscopic testicular dammage at the two high doses testaed. Too
few animals were tested to determine the significance of the target
organ weight changes. Although no other toxic signs were noted,
the report did not say wvhether they were looked for. The report
did not give the composition of the test compound (formulation

or technical, and % a.i.).
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CONCLUSIONS: The testis is a target organ with tubular degeneration
and necrosis.

CORE CLASSIFICATION - éupplementary

Reviewed by M.P.Copley. D.V.M,
Tox. Br.
9/12/85
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STUDY TYPE: Acute oral LDgp - Rats TOX. CHEM. NO.: 75A
HASKELL LAB. REPORT NUMBER: . 100-66 FICHE/MASTER: 00097601

MR NO.: 561
SPONSOR: E. I, du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskell Lab. for Toxicology and Industrial
Medicine, Wilmington, Del.

AUTHORS: H.Sherman, W.C.Krauss
DATE_REPORT SUBMITTED: July 15, 1966

TEST MATERIAL: Benomyl: 1-(Butylcnrbamoyl)-2-benzimidazolecafbamic
acid, methyl ester

SYHNONYMS: Carbamic Acid, (l-{(Butylamino)-carbonyl )=lH-benzimidazol-
2-yl)-methyl ester
INT-1991
NB- 5409-91
DPX-3866
N.B. 80841661

MATERIAL AND METHODS: Young adult male ChR-CD rats were given single

doses of test compound in a 20-22.5 % suspension of peanut oil, by

stomach tube. The dosing schedule was as follows: .

Dose_(mg/kg) Dead/Treated Rel. Testis Wt gﬁm) % tubules affected
3

1500 0/1 0. < 10
2250 0/1 1.29 > 70
3400 0/1 0.69 > 70
5000 0/1 0.71 < 10
7500 0/1 0.48 > 70
_ 9590 0/1 . 0.2 _ > 10 < 70_

The survivors were necropsied after 1l day® and the testes weighed and
compared to the final body weight. They were also evaluated for
visual and microscopic alterations.

RESULTS: There were no deaths or change in body weight. Although
there appeared to be a 50 % decrease in absolute and relative
testicular weight, there were too fev animals to confirm this.
Testes from rats given greater than 1500 mg/kg of material wvere
small. See the above table for percent of seminiferous tubules
with degenerated germinal epithelium, multinucleated giant cells
and reduced to no sperm. Rats treated with 3400 mg/kg and greater
als¢ had reduced or no sperm in the epididymis.

DISCUSSION: There is definite evidence of testicular damage, both
macroscopic and microscopic, at all doses tested. Too few animals
vere tested to determine the level of significance of the target
organ weight changes. Although no other toxic signs were noted,
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the report does not say whether they were looked for. The report
also does not give the composition of the test compound {formulation
or technical, and % a.i.).

CONCLUSIONS: There vere too fev animals/dose to determine LDS? no
death at 9590 mg/kg - 1 rat). The testis is a target organ Wwith
tuwbular degeneration and necrosis.

CORE CLASSIFICATION - supplementary

Reviewed by M.P.Copley, D.V.M.
Tox. Br.
9/12/85
(Original review by L.B.Dale, October 23, 1968)
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8TULY TYPE: Acute oral LDsg - Rats TOX. CHEM, MO.: 754
HASKELL LAB. REPORT NUMBER: L421-80 . FICHE/MASTER: 64819
MR _NO.: 581867 ACC,: 2L3043

SPONSOH: E« 1. du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskell Lab. for Toxicology and Industrial
Medicine, Wilmington, Del.

AUTHORS: J.A.Hall, G.L.Kennedy

DATE_REPORT SUBMITTED: May 23, 1980

TEST_MATERIAL: Benlate®, (75 % a.i.); active ingredient: Benomyl;
l~(Butylcarbamoyl )~2~benzimidazolecarbamic acid,
methyl ester

SYNONYMS: Benomyl Dry Flowable concentrate
Benlate DF Fungicide
a.l.:Carbamic Acid, (1-((Butylamino)-carbonyl)-lH~benzimidazol-

2-yl )-methyl ester

INT=1591

NB-~ 540991

DPX-3866

N.B. 8084-166B

Original review:
"Procedure: A group of (fasted)® 5M (ave.wt. 226 gm)*, S5F (ave.wt.
154 gm5’ ChR-~CD rats received oral application of the test substance
by intubation., The substance used was "Benlate DF Fungicide"
suspended (30% suspension)® in corn oll at a dosage rate of 5000 mg/*
The animals were observed for 14 days. Survivors were sacrificed at
the termination of the study; all animals vere necropsied.

Hesults: No mortalities. Symptoms included stained face, stained aun
vet perineal area, chromodacryorrhea and weight 1~-:. Necropsies
revealed testes slightly-small to small, soft, grey with white sub-
capsular streaks and foci; livers - slightly heavy; lungs - pale red
vith grey foci throughout. LD5g is greater than 5000 mg/kg.

Toxicity Category: 1V - CAUTION "

Original reviewer: M.L.Quafe (3/25/70)
Core Classification: minimum

CONCLUSION: LDSO > 5000 mg/kg (75 % a.i.)
The testes appears to be a target organ.

Review evaluated by M.P.Copley, D.V.M.
Toxs. Br.
9/12/85

2
()* Facts from study inserted into original review by M.P.Copley fg;“
completeness.
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STUDY TYPE: Acute oral LDy - Rats TOX. CHEM. NO.: T5A
HASKELL LAB. KEPORT NUMBER: 17-69 - FICHE/MASTER: 97277

MR _NO.: 581
EPONSOR: E. I. du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskell Lab. for Toxicology and Industrial
Medicine, Wilmington, Del.

AUTLORS: H.Sherman, J.A.2app
DATE REPORT_ SUBMITTED: . Jan. 22, 1969

TEST MATERIAL: aenxateom(ﬁ % tech, % a.i. not
given); active ingredlient: Benomyl; 1l-

(Butylcarbamoyl )-2-benzimidazolecarbamic acid,
methyl ester

SYNONYMS: a.i.:Cerbamic Acid, (l-((Butylamino)-carbonyl })-1H=-
benzimidazol-2-yl )-methyl ester
INT-1991
NB- 6299-TT . : :
DPX-3866
N.B. 8084.1668
Haskell No. 5833

MATERIAL AND METHODS: A group of 10 male® (ave. wt. 254 gm) and 10
female (ave., wt. 181 gm) ChR-CD rats were fasted then treated with
a 20 or 30 % suspension of compound in peanut o0il at a dosage rate
of 10,000 mg/kg**. The animals were observed for 1L-16 days.

RESULTS: There vere no mortalities. No other data wvas given.

CONCLUSION: LDsq is greater than 10,000 mg/kg (53 % tech.)

Core Classification: Minimum

Toxicity Category: 1V

Revieved by M.P.Copley, D.V.M.
. . TOXQ Bl‘.
9/12/85

]
-

s

#Consisted of 2 groups of males with 5 each treated at different times.
Female group of 10 was treated at ont time.
#% Based on active ingredient.
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STUDY TYPE: Acute oral LDgg - Rats TOX. CHEM. NO.: T5A

HASKELL_LAB., REPORT_NUMBER: 17-69 FICHE/MASTER: 97277
MR NO,: 581 .

SPONSOR: E. I. du Pont de Nemours and Conmpany

STUDIES PERFOKMED AT: Haskell Lab. for Toxicoiogy and Industrial
Medicine, Wilmington, Del.

AUTHORS8: H.Sherman, J.A.2app

DATE REPORT SUBMITTED: Jan. 22, 1969

TEST MATERIAL: Benomyl technical; % a.i., not given, active
ingredient: Benomyl; l-{Butylcarbamoyl)-2-
benzimidazolecarbamic acid, methyl ester

SYNONYMS: a.i.:Carbamic Acid, (l-({(Butylamino)-carbonyl )=1H~
benzimidazol=-2-yl )-methyl ester
INT-1991
B 6275-1T0
DPX-3866
N.B. 8084-166B
Haskell No. 5834

MATELRIAL AND METHODS: A group of 10 male®* (ave. wt., 245 gm) and 10
female {(ave. wt, 180 gm) ChR-CD rats wvere faasted then treated with
a 20 or 30 % aqueous suspension of compound at a dosage rate of
10,000 mg/kg**. The animals were observed for lL-16 days.

RESULTS: There vere no mortalities. HNo other data was given.
CONCLUSION: LD5q is greater than 10,000 mg/kg (tech.)

Core Classification: Minimum

Toxicity Category: IV

Reviewed by M.P.Copley, D.V.M.
Tox. Br.

9/12/85

%®Consisted of 2 groups of males with 5 each treated at different ti-
Female group cf 10 was treated at ont time.
%% Bagsed on active ingredient.
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STUDY TYPE: Acute dermal LDSO - Rabbits TOX. CHEM. NO.: T5A
HASKELL LAB, REPORT_ NUMEEXR: 554L=80 FICHE/MASTER: 000648
MR NO.T 0581-867 ~ ACC. No.: 2u30L3

SPONSOR: E, I. du Ponq de Nemours and Company

STUDIES FERFORMED AT: Haskell Lab. for Toxicology and Indu-trial
Medicine, Wilmington, Del.,

AUTHORS: O.L.Dashiell, P.Ashley
DATE_REPORT SUBMiTTED: July 23, 1980

TEST MATERIAL: Benlate®, (75 % aei.); active ingredient: Benomyl;
le (Butylcarbamoyl) 2-venzimidazolecarbvamic acid,
methyl ester

SYNONYMS: Benomyl Dry Flowvable concentrate
a.i.:Carbamic Acid, (l-((Butylamino)=-carbonyl)=-1H=br..imidazol-
2-yl )=methyl ester
INT-1691
NB= 5409-91
DPX-3866
N.B, 808L.166B

MATERIAL_AND METHODS: Five male (ave. wt. 2848 gm) and five female
(uve. wt. 2071 gm) adult albino rabbits, HNew Zealand White strain,
vere clipped over the back and trunk and plastic collars attached.
Two thousand mg/kg of test substance (moistened with physiological
saline) wvas aprlied to abraded skin on each rabbit and covered

vith gauze pads and wrapped with plastic wrap and adhesive bandage.
After 24 hr the material and wrapping were removed and the treated
skin wiped dry. The animals were observed and veighed during a 1l
day period then sacrificed. Only tvo rabbits per sex were necropsi-
at that time.

RESULTS: There were no deaths. Although there was sporatic weight
loes in the males (from l-l4 days) and females {(1~7 days) there wvas
an average 14 day weight gain of 11 % for the males and 21 % for
the females. Moderate to moderate-severe skin irritation was prese
on all animals the day after dosing. All rabbits had returned to
normal by day 14, except 1 male and 1 female. No compound related
abnormalities were cobserved at necropsy.

CUNCLUSIONS: LDsg > 2000 mg/kg (75% a.i.)

TOXICITY CATEGORY: III

CORE CLASSIFICATION: Guideline

Reviewed by M.P.Copley, D.V.M.
Tox. Br.
9/12/85
(Original review by Sherell Sterling, 11/19/

o5
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S8TUDY TYPE: Acute dermal LDsp - Rabbits TOX. CHEM. HO.: 75A
HASKELL LAB. REPORT_NUMBER: 201-216 FICHE/MASTER: 00976¢

ME_NO.: 581-239
SPONSOR: E. I. du Pont de Nemours and Company

STUDIES PERFORMED AT: Hazleton Labs., Ine., Falls cChurch, Va .

AUTHORS: W.M.Busey
DATE_REPORT_SUBMITTED: June 21, 1968

TEST_MATERIAL: Benomyl; 50 % wettable powder; l-(Butylcarbamoyl)-
2-benzimidazolecarbamic acid, methyl ester

SYNONYMS:
a.i.:Carvamic Acid, {(1-((Butylamino)-carbonyl)-1lH-benzimidazo:
2-yl J=methyl ester
INT-1991
NB~ 5409-91
DPX-3866 .
¥.B. 808L4-166B

MATERIAL AND METHODS: Abdomens of 4 rabbits (2.3-2.9 kg) per dose
(2 abraded, 2 intact skin) were exposed for 24 hr to L64, 1000,
2150, L6640 mg/kg of test material covered with an occlusive dressin
One rabbit each was exposed to 3430 and 10,000 mg/kg, also with an
occlusive dressing for 24 hr. After treatment, the skin was washed
with water to remove the remaining compound. Animals were given
food and vater ad libitum and observed daily for 14 days for death
and toxicity. Body weights were taken before and at termination
of the study. All survivors vere necropsied and the testes vere
exanined microscopically for several rabbits.

RESULTS: There vwere no deaths. One animal (out of tour) in eacl ¢
.the first four treatment groups developed non-treatment related
enteric problems and anorexia. Dermal irritation at 464, 1000,
215, 4640 mg/kg was slight to moderate (slight erythema and moderat
edema), subsiding by day 4 or 5. There was also slight Jesquamatio:
on days 4 and 5. At 3430 and 10,000 mg/kg, there was marked erythe
lasting 7 days and slight edema lasting 2 days. There was also
slight desquamation observed by day 5. There were no treatment
rel.ted lesions observed at necropsy or histopathologic changes in
the testes.

CONCLUSIONS: LDgg > L4640 mg/kg (50% WP)

TOXICITY CATEGORY: IIIX

CORE CLASSIFICATION: minimum
Reviewed by M.P.Copley, D.V.M.
TOx. Br.

9/12/85
Originally reviewed by L.B.Dale, 10/23/68: o

The original reviev listed the LDgg as > 10,000 mg/kg however M.
Copley disagrees because only 1 rabbit was tested at 10,000 mg/kg.
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STUDY TYPE: Acute inhalation LCgg - Rats TOX. CHEM. NO.,: T
HAZELTON PROJECT NUMBER: 201-220 FICHE/MASTER: 000"

MRO WO.: 1126

SPONSOR: E. I. du Pont de Nemours and Company

STUDIES PERFORMED AT: Hazelton Lab., Inc., Falls Church Va.
AUTHOR: W.M.Busey

DATE REPORT_SUBMITTED: October 18, 1968

TEST MATLRIAL: Benomyl; 50 % wettable powder; l-(Butylcarbamoyl)-
2-benzimidazolecarbamic acid, methyl ester; 50 % .

SYNONYMS: Fungicide 1991
a.i.:Carbamic Acid, (1-((Butylamino)=-carbonyl)- lﬂ-benzimidn
2-yl )-methyl ester
INT=-1991
NB- 5409-91
DPX-3866
N.B. 8084-1663B

MATERIAL AND METHODS: Four groups of 6 albino rats (ave. wt. 29
gm’ were exposed in an inhalation chamber to Benomyl for 4 hr ut
the following analytical concentrations:

_mg/L dead/treated Aspermato seneais (severity) #/survivor:
0

1/6 0/5
v.27 0/6 slight to moderate 1/6
1.39 0/6 slight 1/6
h.01 0/6 severe L . L 2/6

The chamber was a 1000 L plexiglass and stainless steel container
with aerosolization by means of a constant airflow generator or =
Devolbiss powder blower. The analytical concentration was deterr
by gravimetric analysis at least twice during the exposure. The
animals were individually housed in the exposure chamber, then by
group for the duration of the 14 day observation period. The rat
vere observed frequently during the exposure period for toxic sig
and death, then daily for the duration of the study. Necropsies
performed on all animals either at death or at the 14 day sacrif:
Gross lesions, lungs, trachea, liver, kidneys and testes were exa
histologically. Other organs were saved in 10 % buffered formali

RESULTS: Mortality - There was 1 death in the control group on <
due to a preexisting condition.

Observations - During exposure the 1.39 mg/L group animals were
covered vith a white powder within 15 min. After 45 minutes
breathing became progressively more labored and shallow with gasy
There was excessive lacrimation and salivation. The rats recover
shortly after cessation of exposure. The 4.0l mg/L rats were not
visable due to the high concentration of compound in the chamber.
After 2 hr the aerosol was reduced momentarily to visualize the
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animals, They vere inactive, gasping and heavily coated with dus’

They resumed normal activity and treathing patterns after removal -

fron the chamber. All animals were normal from day 1 till the an-
of the study with the exception of 1 death in the control group
(noted earlier).

Necropsy -~ Most animels had lung discolorations and spots of vari
colors and sizes. There were no treatment reluted necropsy
observations.

Pathology - The report noted a slight increase in severity and
frequency of lung inflammatory lesions. There wvas also increased
severity over controls of intrabronchiolar epithelial hyperplasia
and perivascular inflltration of mononuclear cells and lymphocyte:
There vas also an increased severity over controls of treacheitis
with inflemmatory cell infiltration into the tracheal submucosa ir
the 4.0l mg/L. Aspermatogenesis was present in all treated group:
(see table).

DISCUSSION: Although only 6 rats were used per group, the LDgg 1~
can be estimated as greater than the high dose tested (no deaths u
any treatment level). There is no mention of partical size. Sinc-
heavy dust was reported on the animals and cage some of the expos:.
may have been oral due to preening. The background of lung lesion
in the controls due to using older animals, made it difficult to
determine a treatment related response. The increased lung inflar
lesions noted in the report's summary wvas not evident from the
histopathology tables. The major target of this compound appeared
to be the testes, characterized by aspermatogenesis. The report
mentions a treatment related decrease in sperm production however,
the average level of spermetogenic activity in those rats without
aspermatogenesis was the same for all groups.

CONCLUSIONS: LCgq > 4.01 mg/L (50% a.i1.). Aspermatogenesis is
present at all levels tested (0.27 mg/L LDT).

TOXICITY CATEGORY: III

CORE CLASSIFICATION: Minimum

Reviewed by M.P.Copley, D.V.M.
Tox. Br.
9/12/85

This study was originally reviewed by R.D.Coberly on 2/27/73.

3
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STUDY TYPE: Acute inhalation LC50 - Rats TOX. CHEM. NO.: T5A

HASKELL PROJECT NUMBER: 95-69 FICHE/MASTER: 00097281
MK NO.: 1192

SPONSOR: E. I. du Pont de Nemours and Conmpany

STUDIES PERFOKMED AT: Haskell Lab. for Toxicology and Industrial
Medicine, Wilmington, Del.

AUTLHOR: C.S.Hornberger

DATE REPORT SUBMITTED: April 2L, 1969

TEST MATERIAL: Benomyl; 50 % wettable powvder; 1-{Butylcarbamoyl )~
2-benzimidazolecarbamic acid, methyl ester; 50 % a.i.
(52.2% Tech»)

SYNONYMS: Benlate® dust (Fungicide)
a.i.:Carvamic Acid, (1-((Butylamino)-carbonyl )-1H-benzimidazol-
2-yl )-methyl ester
INT-1991
NB« 5409~91
DPX-3866
N.B. 808L4-166B

MATERIAL AND METHODS: Ten male Charles River Caesarean Derived

rats (6L-65 days old) were exposed for 4 hr to Benlate® dust -

- nose only. The dus- was generated by exposing a falling stream

of powder to a pneumatic jet. A small cyclone head was used to
recycle particles less than 10 um to the generator. The dust then
passed through a cylinder into which the heads of the rats projected.
Particle size was determined by a cascade impactor. Actual
concentrations, determined gravimetrically, were; 0, 0.02, 0.12,
0.20, and 0.82 mg/L. After exposure, the rats vere observed for 7T

{5 per group) or 1% days then necropsied. Body weight and testicular
veights were noted. All testis and lungs vere examined histologically
Lympn nodes liver, srleen, and kidney were examined histologically
in 1 rat n:: group per time period.

_RESULTS:

There wvas no change in relative testicular weight due to the
concentrations used. At 1b days 2/5 rats (0.82 mg/L) had decreased
spermatogenesis. All other groups were normal except for one
control rat who fell in the Benlate® dust for one hr and also had
decreased spermatogenesis.

DISCUSSION: Oral exposure was minimized by using the nose only
exposure. In the previous study at Hazelton (whole body) the low
dose testicular effect may have been due in part to ingestion as
the one control that fell into the dust also had decreased
spermatogenesis.

6%
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CONCLUSIONS: LCgg > 0.82 mg/L (50% WP, 50% a.i.)

The NOEL for altered spermmatogenesis (acute inhalation) is 0.20 mg/L
(7.5 mg/kg)

The LEL for altered spermatogenesis {acute inhalation) is 0.82 mg/L
(33 mg/kg)

TOXICITY CATEGORY: 1II

CORE CLASSIFICATION: minimum

Reviewed by M.P.Copley, D.V.M.
Tox, Br,
9/12/85
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STUDY TYPE: Acute inhalation LCgg - Dogs TOX. CHEM. NO.: T5A
HAZELTON PROJECT NUMBER: HLR-192-69¢ FICHE/MASTER: 00097282

MR NO.: not given

SPONSOR: E. I. du Pont de Nemours and Company

STUDILS PERFORMED AT: Hazelton Lab., Inc., Falls Church, Va.
AUTHOR: N.A.Littlefield

DATE REPORT SUBMITTED: T/1L4/69

TEST MATERIAL: Benomyl; 50 % wettable powder; l-(Butylcarbamoyl)-
2~benzimidazolecarbamic acid, methyl ester;
(information obtained from summary MRID # 00097275)

SYNONYMS: Benlate® Dust (Fungicide)
B.i.:Carbamic Acid, (1-((Butylamino)-carbonyl )-1H-benzimidazol=
2yl )-methyl ester
INT=-1991
NB- 5409-~91 -
DPX-3866
N.B. 80B4~1668

MATERIAL AND METHODS: Animals -~ Sexually mature male beagle dogs
vere assigned to 3 ygroups of 10 dogs each.

Exposure - The animals wvere exposed for 4 hr to either; 1) Fungicide
1991 - Benlate Formulation at an actual concentration of 0.65

{LDT) or 1.65 (HDT) mg/1, or 2) filtered room air. They wvere in a
LOOO liter stainless steel and glass chamber. The compound was
Gerosolized by a pneumatic-dust generator with a cyclone head.

The air flow was 1500 l/min. for the LDT and 260 1/min for the

HDT. Actual concentrations vere determined by gravimetric analysis
and particle sizes vere determined with a cascade impactor. After
exposure the dogs were rinsed in varm water and dried to decrease
exposure by ingestion.

Observations - Animals vere observed for toxicity and death. They
were weighed prior to treatment and veekly thereafter. The testes
vere palpated at unspecified intervals.

Sacrifice - The dogs were necropsied after 14 days (5/group) or 28
days of observation. Testes from all animals were preserved irn
chilled Bouin's fluid. Other tissues were fixed in 10 % neutral
buffered formalin. Trachea, lungs (all lobes), testes and liver
vere examined histologically for all animals. The following
tissues were also fixed, hovwever only one animal per group per

time period had a complete histopathologic evaluation: brain,
pituitary, thyroid glands, heart, gallbladder, spleen, kidney,

eye, stomach, pancreas, small intestine, large intestine, lympk
nodes, urinary bladder, bone, bone marrow, adrenal glands, thymus,
cervical spinal cord, salivary gland, lacrimal glands, prostate
gland, sciatic nerve, skeletal muscle, aorta, and any tumors. The
testes, brain and liver were weighed for organ/body and organ/brain
velght ratios as well as absolute organ weights.

71
® number obtained from bibliography in WHO review on Benomyl (Xov-Dec/83)
by R. Jaeger




® o ®  wsw

Statistics - All data were tested with the F-test or analysis of
variance, at a probability level of 5 %. Bartlett's method was
used to test for heterogeneity of variances. If the variances wvere
different, samples vere tested with the Sachs' test or the Fisher-
Behrens modified "t"-test.

RESULTS: There were no deaths.
Clinical signs were as follows:

control No observations were noted.

0.65 mg/l The animal coats were coated with compound during the
exposure perlod, no other observations were noted.

1.65 mg/l During the exposure period there was an aerosol cloud
of high density which hindered observations. Coats
vere heavily coated with test aerosol during exposure.
One dog had gagging, mastication and an oral mucous
discharge starting 2 hr into the exposure period. All
dogs were lethargic and had a wvhite oral and nasal
discharge vhen the exposure was terminated. One dog
vomited on day 3. The remainder of the dogs appeared
normal throughout the 28 day observation period.

Body weight - Although the report states there was a significant

loss of weight in the high dose by 28 days, this is not evident

from the data (see discussion of this review).

HDT body weight (kg) pretest vk 1 _wk 2 _wkb

all 10 dogs 10.2 10.2 10.3 -
5 dogs from 28 day sac 9.6 .91 _ 9.7 _. _ . 9.5

Necropsy =-There were no compound related effects observed at either
the lE or 28 day necropsy.

Organ weight - There were no organ weight changes at 14 days,
howvever, at 28 days the HDT absolute liver weight, LDT and HDT

liver to brain veight and LDT liver to body veight were significantly
decreased from control values,

control «65 mg/l 1.65 mg/1

1kd _ 284 _ 1kd 284 kg 284
brain/body wt (%) 157 .693 .T33 <157 . 781 .880
liver (g) 311 370 315 300 271 276%
liver/vody wt (%) 2.86 3.22 | 2.7h4 2,60# 2.60 3.00
liver/brain (%) _ 3718 468 375 346 334 342%

L P <.05

Histology - At 1k days there was no alteration in the testes at the
LDT. In the HDT animals U4/5 had reduced spermatic activity due to
reduced spermatogenesis although at 28 days, no reduction was
evident. There were no treatment related lesions in the other
organs examined.
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DISCUSSION: The high dose exposure appeared to cause mucosal
irritation evidenced by a nasal and oral mucous discharge which
abated after the exposure period. The only response mentioned in
the report was a depressed body vweight in the HDT. This however,

is not evident when the initial veights of the HDT dogs 48 considered.
Although the final (terminal sac.) 28 day weight for the HDT is 9.2
kg and the control weight is 11.5 kg (sig. at p <0.5) the pretest
weights for the 5 HDT dogs was 9.6 kg and the 5 controls was 11.7
kg. The terminal weights were less for all groups than the L wk
veights, possibly due to a prenecropsy fast (not mentioned). At

the 14 day necropsy the liver (relative or absolute veight) appeared
lighter at the HDT. At 28 days the liver was statistically lighter
in both the LDT and HDT groups. Histologicelly at 1k days the
spermatogenic activity was reduced. By day 28, the testes wvere
histologically normal indicating that the depression was reversible.

CONCLUSIONS: 0o > 1. 65 mg/L (HDT) (50% WP)
No deaths occureg at HDT

Reduced spermatogenic activity occured at 14 days but not 28 days
TOXICITY CATEGORY: 1II

CORE-CLASSIFICATION: minimum

Reviewed by M.P.Copley, D.V.M.,
Tox. Br.
9/12/85
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STUDY_TYPE: 90 day feeding study - Rats  TOX. CHEM, NO.: 75A

HASKELL LAB. REPORT NUMBER: 11-67 FICHE/MASTER: 00066771

MRTNOL: yia

SPONSOR: E. |, du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskall Lab. for Toxicology and Industria!
Medicinag, Wilmington, Del.

AUTHORS

HORS: H.Sherman, J.R.Barnas, W.C.Krauss, J.W.Clayton
T_SUBMITTED: Jan. 31, 1967

70 § wettable powder (72.2% taech.) Henomyl; V-
1)=2-banzimidazolacarbamic acid, methy! astor

SYNONYMS: Carbamic Acid, (1~({Butylamino)-~carbonyl)=-1H~ ben’qmlddzol-
2~yl)-methy! estar
INT=-1991
NB- 5409-91
DPX-~3866
N.B. 8084-1668

MATER!AL AND METHODS: Weanling albino ChR-CD rasts waru housad in
pairs by sex, given food (with 1 % corn ol!) and water ad 1ibjtun
and observed for abnormal behavior, food consumption and weight
gain for 8 days prior to test initiation. Sixteen rats pur sex

waere placed Into the following four treatment groups:

—GBroup __ . . Jreatment -
Control (1) food + 15 CO
Low dose (V)(LDT) food + 14 CO +

100 ppm INT-1991 (0.0143¢ formuiation)
Mid dose (VI)({MDT) food + 15 CO +

500 ppm INT~1991 (0.0714% tormutation)
High dose (Y11)(HDT) food + 1% CO +
___2500 ppm INT-1991 (0.357% formulation)

- ——— -—

CO - corn oil

Observations - Animals waere observed at unspecified intervals for
toxic signs, mortality and behavior throughout the study.
Body weight - Animals were weighed prior to the test and twice per
weak thereafter.
Food consumption - Food consumption was measured prior to the test
and once per week thereafter, by sex per group.
Laboratory ftests - They were done of 6 randomly selected rats per
sex per group at 30, 60 and 90 days. Hematology was also done
prior to test nnnfna?ton.
Hematology - White bliood cell counts*, hemoglobin conc.*
hematocrit* and differential white biood celil count.
Urinalysis - 24 hr urine vol., conc.{m.osmols/1), protein content,
sugar, ketones, pH, color, appearance and presence of occult
blood. Pooled samples were used for microscopic examination.

71

* also performed during the pretest examination
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Clinical chemistries ~ plasma alkaline phosphatase and glutamic-

pyruvic transaminase activity (GPT), only tested on control

and HDT.
sacrifice - Ten male and 10 female rats*®* were euthanized with
chloroform after 96-103 days of continuous feeding. Tissues were
fixed in Bouin's solution and stained with Haskell quadrichrome.
The following organs were removed for weight, fixation and staining:
brain, heart, lungs, liver, spleen, kidney, testis, stomach, thymus,
adrenal and pituitary. The following additional tissues were
removed for fixation and staining: ovary, epididymis, Fallopian
tubes, prostate, uterus, urinary bladder, duodenum, cecum, colon,
skeletal muscle, peripheral nerve, bone marrow, eye, thoracic
aorta, spinal cord, trachea, pancreas, thyroid, parathyriod, salivar
gland, and exorbital lacrimal gland.

RESULTS: Mortality - One LDT male died atter 39 days, however the
the registrant does not attribute the death to treatment,

Observations - There was no change in body weight, food consumption,
feed efficlency, clinical signs, hemato oQy, urinal 818, aIEaIEne
osphatase, SGPT - except temale, organ weights (except liver -
Eemagei and histopathol trom control values. The HDT female live
weights were elevated over controls by 22 %:
Dose 1lver lgmi 15ver[bodyﬁwt. L)

cont. 9,50 - 3.40
LDT 9.04 2.68
MDT 9.40 3.14
HDT 11.60 3.91

The amount of test compound consumed by the rats was similar on a
body weight basis for males and females, The rats consumed slightly
more then one third the amount at the end of the study then at the
start (mg/kg/day). i
Select average daily intake of INT-1991 (mg(kgfda!)
‘ emales

males
Days cont. LDT MDT HDT cont. LDT __MDT __HDT
V-6 0 14 73 348 0 14 66 345
41-48 0 7 36 169 0 8 39 195
83-90 v 5 26 124 0 6 32 162

DISCUSSION: The lesions observed in the one mortality in the LDT
were not attributed to the compound as no other rats had similar
signs at that or higher aoses. Although there were no histologic
alterations in the liver, the elevated SGPT in HDT males at p <
0.001 may be biologically relevant considering the increased liver
weight in the HDT females. This is difficult to assess since there
wvere no intermediate groups tested for hepatic enzymes. Several
tests required by our (Toxicology Branch) current guidelines were
not pertormed, and no individual animal data was presented in the
report. The study, however appears to be well done and the
information necessary to set a NOEL is present.

[ar- Bl

75

*The remaining 6 rats per sex per group were used for a reproductior
study reviewed separately. See Haskell report $264-68, MR #966,
MRID #66773.
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CONCLUSIONS: NOEL 500 ppm
LEL 2500 ppm based on increased absolute and rela
liver weights (female) and elavated
SGPT levels (mailns).

CORE-CLASSIFICATION: minimum

Reviewed by M.P.Copley, D.V.M.
Tox. Br.

?td‘n’/""( 9/12/85

This study has been reviewaed previously by M. Quaite, 3/25/70
and L.B.Date, 10/23/68. .
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FORMED_ AT: daskall Lab. for Toxicology and Industria!
Medicine, Wilmington, Del.

H.Sherman, J.R.Barnes, E.F.Stula, J.W.Clayton
RT_SU

JBMITTED: Nov. 20, 1968

ER1AL: S0 ¢ weffabla powder (51.5% tach, ), Benomytl; 1-

rbamoyl)-2-benzimidazolecarbamic acid, mathy! astar

SYNONYMS: Carbamic Acld, (1-((Butylamino)-carbonyi)-1H=-benzinlidas
© 2-yl)=mathy! ester
INT=-1991

N8- 5409-91

DPX~-3865

N.B. 8084-1668

MATER|AL_AND METHODS: Beagle dogs, 7-9 months old, were given fo:
and wafer ad llblfum (batween 4 pm-7 am), observed daily ftor abnu
bYehavior, slgns Tof foxicity and waighed waeakly for a month prior
to test initiation. During this period, blood and urine samplos
were checked for the paramaeters listed in the lab. test section.
Four males and 4 femalos wure randomly assigned to each h of the
tottowing traeatment groups:

o GBroup_____________Treatment e e e
Control (1) tood

Low dose (11)(LDT® food 100 ppm INT-1991 (.01 %)
Mid dose (111)(MDT) food 500 ppm INT-1991 (.05 %)
High dose (IV)(HDT) _ food 2500 ppm INT-1991 (.25 %)

Diets wore preparod waekly and refrigerated. “The HOT group w3s
gradually given increasing amounts of INT-1991 using the followin
schedule: 500 ppm-- 2 days; 1000 ppm - 3 days; 1500 ppm - 2 days.
than 2500 ppm for the remainder of the study.

Observations - Animals were observed dally for toxic signs, morta
and behavior throughout the study.

Body weight and Food consumption - Animals wore weighed and food

consumption measured weekly.
Laboratory tggtg - They ware done three times during the pretest
period and again at 30, 60 and 90 days.
Hematology -~ red biood cell count, white blood cell counts
(total and differential), hemoglobin conc. and
hematocrit.

-1
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Urinatysis = Urine vol. (time unspecifiad), osmolality, protei:
sugar, urobiliinogen, acatona, bilirubin, pH, presunce of
vccult dlood and micrascopic uxamination fur sediment,

Clinical chamistries - Glucose, urea nitrogen, cholesterol,
alkaline phosphatase (AP), glutamic-pyruvic ftransaninase
activity (GPT), tota! protein and albumin/globullin (A/G) rat:

Sacritice - Al! dogs wuore euthanized by electrocution attar 90-130’
days of continuous taeding and wers uxamined for gross and micros:
changes. Tissuos waere fixed in Bouin's solution and stained witn
Haskel| qusdrichrome. Tho following organs ware removed tfor weig"
fixation and staining: brain, heart, lungs, liver, splean, pancra-
kidney, testis, prostate, stomach, thyroid, adrenal and pituitary.
The tollowing additinnal tissuoes wuro raoamoved for fixation and
staining: ovary, epididymis, Fallopian tubes, uterus, urinary
btadder, duodenum, cacum, colon, skeletal muscle, peripheral na-..
bone marro«, aye, thoracic sorta, mammary gland, esophaqus, gali
btadder. spinal cord, trachea, thymus, salivary gland, and tonsit.

RESULTS: Al animals survived the troatment period. There wore n
freatment rolatad changes in body weight, food consumption, ¢clinic

observations, urinalysls, organ weights, qross pathology, and his:
pathology. T Severa| clinical chemistry valuos weru reported fo be
significantly difterant (p <.05) from elthar control! or pratoest
values: AP ftor HDT malaes was higher than control vatues, GPT for
HDT males was higher than pretest values, A/G for HDT males and
temales was lowar than pratast and control values. Thesa valuas,
however wera avorages of all three time perlods. Al! other clini-

chemistry valuas wuere normal.

IiS._I._.___-_Efg_es._(_LD_)___Q!_ ....0.01% 0.05% ________ 0.25¢
AP(maie) 2.2(0. 1) T.8% 2.0 2.4 2.8
GPT(male) 16(3.2) 23 19 18 25
A/G(male) 1.02(.19) 1.08 0.95 0.84 0.63
A/G(fmale) 1.27(.27) 1.09 0.92 __l__Ol __0.72

DISCUSSION: The study raports elevatad AP, however when compared
pretest values, the change was not meaningful. GPT was only alev.
during the third month while the A/G values were depressed during
the entire 90 day period.

Males pretest (range) 30 day 60 day 90 _day
GPT control 14-19 24 17
HOT 12-20 20 __.20 29
A/G control - .14-1.22 .98 1.70 1.16
o HDT +77-1.02 .69 . .69 .67

Although there appears to be a treatment related increase in
cholestero!, the values are within the pretest values. Lesions
reported at necropsy and histologicaly appeare to be non-traeatment
related.

73
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CONCLUSIONS: NOEL 500 ppm (.05%)
LEL 2500 ppm (.25%) consisting of increasad alks

phosphatase, serum glutamic=-pyruvic transamainase and decreasod
A/G ratio.

CORE-CLASSIFICATION: minimum

Reviewaed by M.P.Coplay, D.V.¥.
Tox. Br.
9/12/85

This study has baan roviowed previously by M. Qualife, 3/25/70
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STUDY TYPE: Acute Neurotoxicity-Hens TOX. CHEM. NO.: 75~
HASKELL LAB. REPORT NUMBER: HLO 28-79 ACCESSION NO: 2419

MR NO.: -
IRDC No.: 125-028

SPONSOR: E. I. du Pont de Nemours and Company

STUDIES PERFORMED AT: International Research and Development
Corporation, Mattawan, Michigan

AUTHORS‘ B.I.Goldenthal, RuGoG@ilp D.C.Jessup, W.P.Dean, RQJOA!

DATE REPORT SUBMITTED: Jan. 5, 1979

TEST MATERIAL: Benomyl; 1-(Butylcarbamoyl)-2-benzimidazolecarbar
acid, methyl ester (% a.i. not given)

SYNONYMS: Carbamic Acid, (1-((Rutylamino)~carbonyl)=1lH-benzimid.
2=yl)-methyl ester
INT-1991
NB~- 5409-9]
DPX~3866
N.B. 8084-1668

Summary of study by original reviewer:

*In the first study with Benomyl, five groups of 10 White Leghorn
were administered,by gavage,single doses of the following test ma:
in 20 ml corn oil/kg respectively: 0 mg/kg (vehicle control), 750
tri-o-tolyl phosphate (TOTP, positive control), and 500 mg/kg, 25¢
and 5000 mg/kqg benomyl (experimentals). Animals were observed fo:
pharmacotoxic symptoms including neurotoxicity. Surviving animal:.
sacrificed, autopsied and organs examined grossly and selected ne:
tissue from spinal cord and peripheral (sciatic) nerves examined
histologically for microscopic neurotoxic effects. Weights of al:
were monitored during the study.

None of the vehicle controls showed any symptoms. High dose benor

treated hens had one death, decreased activity and diarrhea, and s .

neurotoxic symptoms (altered behavior). The high dose and mid dos
benomyl-treated hens (5000 mg/kg and 2500 mg/kg, respectively) shc
some campound related effects on microscopic examination of spina!
and peripheral nerves. Pogsitive controls (TOTP treatment) display
appropriate spectrum of nerve tissue degeneration known to be proc
that chemical. However, at the conclusion of the experiment, the
was declared inconclusive, due to evidence of underlying disease i
hens. The disease state was determined by a group of pathologist
examined the histological slide preparations of nerve tissues and
identified pathological characteristics 6f Marek's disease.”
Original reviewer, M. Sochard, Oct, 14

CORE-CLASSIFICATION: supplementary

CONCLUSION: This study can not answer the question of neurotoxic
potential due to underlying disease.

Evaluation of summary by M.P.Copley, D.V
Tox. Br.
9/12/85
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STUDY TYPE: Acute Neurotoxicity-Hens TOX., CHEM. NO.: 757
HASKELL LAB. REPORT NUMBER: HLO 674-79 ACCESSION NO: 24193
IRDC No.: 125-039 GS0119-00"

SPONSOR: E. I. du Pont de Nemours and Company

STUDIES PERFORMED AT: International Research and Development
Corporation, Mattawan, Michigan

AUTHORS: W.P.Dean, D.C.Jessup, R.J.Arceo, E.J.F.Spicer

TEST MATERIAL: RBenomyl; l-(Butylcarbamoyl)-2-benzimidazolecarbam:
acid, methyl ester (99 & Tech., % a.i. not given)

SYNONYMS: Carbamic Acid, (l-((Butylamino)=-carbonyl)-lH-benzimida.
2-yl)-methyl ester
INT=-1991
NB- 5409-91
DPX~-3866
N.B. B084-166B

MATERIAL AND METHODS: Fasted White Leghorn hens (1305-1890 gm, !
months old) were given, by gavage, single doses of the following
materials in 20 ml corn oil/kg:s

Compound Dose (mg/kg) # Treated Mortality
O(vehical cont.) 0 10 0
TOTP(pos. cont.) 1200 10 0
Benomyl 500 10 0

- 2500 10 0

" 5000 10 5(day-

TOTP ~ tri-o-tolyl phosphate

All hens had been vaccinated against New Castle disease, Avian
Encephalomyelitis, Bronchitis and Marek's disease. They were
individually housed in environmentally controlled rooms and given
water and food ad libitum. After treatment they were observed
twice daily for pharmacotoxic signs including neurotoxicity and
weighed pretest and days 7, 14, 21. Survivors were necropsied anr
examined grossly. Microscopic examination was performed on selecr
nerve tissue from the spinal cord (3 levels) and sciatic nerve.

NESULTS AND DISCUSSION: (from the summary by M, Sochard, 10/14/81
¥Five of the 10 high dose benomyl treated (5000 mg/kg) hens died
between 6~9 days following treatment. The deaths were considered
to be the consequence of acute toxicity of benomyl. Acute
neurotoxicity symptoms were seen in the high dose benomyl-treated
survivors, and in TOTP-treated hens. Symptoms in high dose benor
treated survivors were primarily of decreased activity. TOTP
treated hens showed symptoms of delayed neurotoxicity, which benc
treated hens did not. The neurotoxic behavior symptoms displayec

ol
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early in the 5000 mg/kg benomy! treated hens was attributed to
acute toxic etfect of the chemical. Hens trested with mid and
doses of benomy! (2500 mg/kg and 500 mg/kg, respoctively) appe.
normal! and hehavior was normal. No troatment related gross
patholoqgical effacts ware sean in any han at sscrifice &nd aut
in benomy! treatad hens. Microscopic examination of spins! co’
and sciatic nerves showad a spectrum of (axpected) positive fir
characteristic ot TOTP treatment in the TOTP treated hens. Son-
degenerative changaes wore seaen In nogative control nerve tissu
wail as in some 500 mg/kg treated and 2500 mg/kg treated benom,
hens - and nona wore scon In similar tissues from 5000 mg/kg b~
treated hens."

CONCLUSION: Benomy! does not appear to have delayed neurotoxi
potential

NOEL for other nourotoxic signs: 2500 mg/kg

CORE-CLASSIFICATION: minimum

There warae onty 5 survivers in the high dose group; hoeever,
it Is uniikaly that it has delayed neurotoxic potential since
the high and mid doses (5000 mg/kg, 2500 mg/kg) showad no
histopathologic chanqas rolataed to dalayed neurotoxicity

and this compound is 22t an organophosphata.

Review and Evaluation o! summary by M.P.Coplay, D.V.M.
Tox. 8r.
9/12/85
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INFORMATION WHICH MAY REVEAL THE IDENTITY’OF AN INERT IﬁGREDIENT IS NOT INCLUDED

TUDY TYPE: 21 day dermal study - rabbits TOX. CHEM. NO.: 75A

HASKELL LAB. REPORT NUMBER: 211-69 . FICHE/MASTER: 00097287

SPONSOR: E. 1. du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskell Lab. for Toxicology and Industrial
Medicline, Wlimington, Del. ’

AUTHORS: D.B.Hood, J.R.Barnes, E€E.F.Stula, J.A.Zapp

DATE REPORT SUBMITTED: July 30, 1969

TEST MATERIAL: Benlate®; l-(BufyIcarbamoyl)-2-beniimldazo|ecarbam
acld, methy! ester; powder;

SYNOMYMS: a.i. Benomyl
Carbamic Acid, (1-((Butylamino)-carbonyl)~lH-benziniiaz

2-yl)-mathy! ester
INT=1991
NB- 5409-91
DPX-3866
N.B. 8084-1668

MATERIAL AND METHODS: Benlate was applied topically to healthy,
mature (> 35 kg) rabbits (strain unspecified). All rabbits ware
fitted with plastic collars and their trunks clipped prior to
treatment. The study lasted 21 days (5 days treatment followed b
2 days no treatment). Test materiatl was appllied as an aqueous pa:
{75%) to the clipped back (abraded daily), covered by a gauze pad
taped in place (non-occlusive)., After 6 hours of exposure the
material! was washed off and the backs waere driad. The groups war:

as follows:

Formulation

Dose (mg/kgq)* Males Females
OF® ' 5

50
250
500

1000
1000
5000

[NEVRC RV NV RV
INEE EURURT RERT

* based on a.i.
¥% {nert control - volume same as for the 1000 mg/kg group

#%* not part of the original design.

The animals were given food and water ad fibitum except during th.
exposure period. They were observed frequently during the test

period for clinical signs and weighed daily during the first week
and three times a week thereafter. Prior to sacrifice, blood was

taken from all animals for hemoglobin determinations, and red and

white blood cell counts. The following organs were weighed:
adrenal, and testes. The followis

83

thymus, ftiver, kidneys, spleen,




INFORMATION WHICH MAY REVEAL THE IDENTITY OF AN INERT INGREDIENT IS NOT INCLUDED
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tissues were examined histologically: brain, heart, lung,
trachea, llver, kidney, splecn, duodanum, bone marrow, adrenal,

pltuitary, thyrold, gonads, thymus, mammary gland, uterus, muscls,
eye, and skin.

RESULTS: Body weight Only the 1000 mg/kg q"\ale group
showsd a decrease in weight during the firsT week which lasted

throughout the study. The welight in the 5000 mg/kg male group was
variable, although both lost weight initislly, 1 weighed lass and
1 more at the end of the study., There was no treatment related
weight response In the females. Observations were as foliows:

Dose (mq/kq) Clinical Observations
0 mod. ¢rythema ~ cracking, desquamation
505 mild - mod. ervthema
2505 mitld - mod. erythema
$00S mild - mod. erythema, desquamation
10003 strong skin Irrit., desquamation, dry feces
1000¢ mild - mod. erythema, dry feces
50005 mod. erythema, severe sloughing, feces dry and scant

Blood cell counts ware normal. Hemoqlobin concentration howevar, was
decrueased in the mates at 10005 and 50005 mg/kg.

>

Dose (mq/kq) Hemoglobin (gm/100 mi1)

0 13.1
508 15.2
25085 13.4
5005 13.5
10005 12.4
1000¢ 13.3
50008 11.9

Organ weights - Absolute and relative testes waights were as follows:

Testes “e‘m5~
Dose® (ma/kal 0 50 250 500 1000 5000

individual 7.44 5.11 4.20 6.11 6.71 6.25
absolute 4.90 7.50 | 5.90 4.00 4.30 6.50
(gm) 7.20 6.50 5.81 6.96 3.90 *
6.20 5.60 7.70 4.39 4.13
7.10 4,28 6.70 5.20 4.10
ave. abs. 6.57 5.80 6.06 5.33 4.63 6.38
(gm)
ave. rel. . 185 . 155 . 169 .148 . 140 .212

The sponsor reports a decrease in absolute testes weight only in
the 1000% mg/kg group. Aslide from the one 50005 mg/kg rabbit with

with focal festicular degeneration, no treatment related histopatho-
logical changes were reported.

]
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DISCUSSION: There was a treatment related decrcase in male
weight at the 10008 mg/kg dose level, The lack of a consistant
response at the higher dose (50008 mg/kg) was probably due to
the number of animals treated at that level (2), while the

lack of response with the other 1000¢ mg/kg group may be due
to the difference in formulation
skin irritation also was more severe at 10003 an mg/kg

than 1000¢, although the inert control group did have evidence
of some irritation as well, The altered feces at 10003.C and
50008 mg/kg appeared to be treatment related although the
significance of this was not addressed by the registrant.
Testes weights (rel. and abs.) indicated a possible although
not statistically significant, decrease at the 1000 mg/kg
group with the There were only two rabbits
in the 5000°% mg/kg group, but no decreased testicular weights
were observed, Once again the difference in formulation may
be responsible for the lack of testes alterations in the

1000° mg/kg. Only one rabbit with the high dose

had histologic testicular alterations noted
(degeneration). Although it is difficult to interpret whether
this effect on the testes is treatment-related, this compound
has been shown to cause inhihbition of spermatogenesis in the
rat by other routes of exposure (i.e, inhalation, oral).
There are additional problems with tha report as presented:

1) The blood data is SIEE{cuIt to interpret without either
standard deviations or individual animal data, 2) The Table

of organ weights for female groups 0, 50, 250 and 500 mg/kg

is missing in the submitted report, however, the authors
indicated no effects on oryan to body weight ratios,

NOEL = S00 m

g/ kg
LEL = 1000 mg/kg based on decreased (not statistically
testes weights (rel, and abs.).

= mg/kg {only dose tested)

The ppears to be more toxic at equivalant doses
than the fromulation, »

CORE-CLASSIFICATION: minimum

Review and Evaluation of summary by M.P.Copley, D.V.M.
Tox. Br.

9/12/85
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STUDY TYPE: Reproduction study - rats TOX. CHEM. NO.: 75A

HASKELL LAB. REPORT NUMBER: 264-68(11-67) FICHE/MASTER: 00066773
m NE.: 533

SPONSOR: E. |. du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskel! Lab. for Toxicology and l{andustrial
Medicine, Wiimington, Del.

AUTHORS: H. Sherman
DATE REPORT SUBMITTED: November 18, 1968

TEST MATERIAL: Benomyl, 50 or 70% wettable powder; 1-(Butylcarbamoyl)-
2-benzimidazolecarbamic acld, methyl ester; (72.2%t or 51.5-52,0%t¢
tech.).

SYNONYMS: Carbamic Acid, (i-((Butylamino)-~carbonyl)~-1H-benzimidazol-
2-yl)-methy! ester
INT=-1991
NB- 5409-91
DPX-3866
N.B. 8084-1668

" Reproduction study
Rat, 3-generation, 7-litter.

Ne, of Animals. 6 M and 6 F/group, F, parents (animals left from 90-day
study); 12 M and 12 F/group, F), parents; and 20 M and 20 F/group, Fyy
parents. ‘

Feeding Levels.® 0, 100, 500, and 2,500 ppm. .

Duration. Time to produce 3 penerations, 7 litters in all.

Mortality. No effect on numbers of stillborn or on survival to 4
days or to weaning.

Body Weight. Pups from parents at 500 and 2,500 ppm weighed less,
at weaning, than control or "100-ppm" pups in the Fjp, F35, F3p, and
F3. litrers. (See Table, below.) Hcvever, the various groups of
F3c pups kept on test for 9 weeks post-veaning and for a further 6
weeks on contrel diets had _rowth curves of similar slope.

Histopathology. No effect on F3p weanlings. Tissues studied. were:
Pituitary, tnyroid, parathyroid, adrenal, skeletal muscle, sciatic
nerve, brain, spinal cord, eve, exorbital lacrimal gland, mammary
gland, bone marrow, spleen, thymus, lung, upper trachea, heart,
stomach, ducdenum, cecum, salivary glapd, pancreas, liver, tcstis
or ovary, epididymus or fallopian tube, uterus or prostate, urinary
bladder, and kidnev,

YNo-Effect Level." Conservatively, 100 ppm; since average weanling
weights in F2y , F3a, F3p, and F3. litters are low for "500-ppm" and

"2,500-ppm!" pups, as compared to corresponding control and "100-ppm"
values.

1970
M. Quaife, Ph.D, 86

§ tnformation obtained from the WHO bibliography (Nov.-Dec./83)
on Benomyl.

t used through week 10 of the Fig generation

tt used for the remainder of the reproduction study
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Table from origin9 review: ‘ O O 4 €75

L PP Nus. OF0-900

and  0G0-930 -5=- < March 25, 1970
! Parameters in this reproduction study are tabulateds ’
. Average Average Average

ppm ‘Litter No. Born F.I, G,l. V.1l. L.l. Weanling -
“ Benomyl _Size Alive (%) (%) () (%) Weight ' (4)

rla Litter
v 11.7 11.2 100 100 94 98 48
100 11.2 11.2 67 100 100 100 ,‘54
500 10.2 10.0 83 100 98 | 98 59
2,500 13.0 12,8 100 100 97 93 * 57

Flb Litter

‘ 0 12.5 10.8 100 100 87 98 57
" 100 13,6 13,2 83 100 97 100 58
: 500 11.6 10.6 82 100 91° 93 02
2,500 13,2 12... 109 100 91 100 54
FZu Litter “
0 10.8 10.4 83 100 95 96 51
100 11.8 11.6 92 100 97 95 56
500 10,6 10.5 83 100 98 97 52
2,500 11.3 11,2 91 100 96 98 48
FZbLitcet
0 10.8 10.0 92 91 40 99 60
100 13.6 13.6 92 100 100 100 59
500 11.1 10.6 07 100 89 97 52
2,500 12.9 12.6 91 90 T 100 51
Fylitter
‘0 9,5 8.9 85 100 93 99 56
100 11.3 10.7 75 93 90 98 57
500 9.6 9.5 70 100 98 100 52
2,500 11.9 11.7 - 80 100 98 99 51
FJbLicter
0 13.1 12.6 80 100 95 99 58
. 100 13.5 13.3 68 92 97 100 59
500 11.1 10,7 70 100 94 9y 52
2,500 11,9 10.4 85 100 84 98 54
F3cLittgr
0 11.6 10.0 65 92 87 100 60
100 11.9 10.5 67 100 87 100 62 .
500 9.5 8.5 - 55 100 88 93 52
2,500 13.0 10.6 75 93 79 96 51n
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Addandum to review for clarification of material and methods by M.

Copley.
- . Dietary levels of INT-1991 (using 50% WP):
Group Treatment
Control (1) tfood + 1% CO
Low dose (V)(LDT) food + 15 CO + .
100 ppm INT-1991 (0.01% formiutation)
Mid dose (VI1)(MDT) food + 15 CO .+ ..

500 ppm INT-1991 (0.058 formulation)
High dose (VI1){HDT) tood + 18 CO +
2500 ppm INT-1991 (0.25% formuilation)

CO -~ corn oil

Species: ChR-CD rats. :
Mating procedure: Each Fp female was exposed soquentially to 3 Fg
males (from the same dietary group) for 5 days. After mating (15 days
total) the females were separately housed and examined twice daily
till parturition.
Fia were sacrificed at weaning.
Fig - Twelve males and females from each group were mated at J
months.
Fop were sacrificed at weanling.
Foa - Twenty males and females from each group were mated at 3
months
F3p were sacrificed at weaning.
Fip - Two of each sex from each of five litters/group were
examined at necropsy. Those from the control and HOT
wura examined histologically.

F3c - used for reassessment of growth curve.
All litters were reduced to 10 when necessary. Parameters measured
wera: No. of pregnancises; no. of survivors at birth, 4, 12 and 21
days; body weight at weaning (21 days).

CONCLUSION: NOEL = 100 ppm
LEL = 500 ppm (decrease In pup weights)

CORE-CLASSIFICATION: core minimum

Original review evaluated and addendum added by M.P.Copley, D.V.M,
Tox. Br.
9/12/85
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STUDY TYPE: Two-year feeding/Onco study-Rat TOX. CHEM. NO.: 754

HASKELL LAB, REPORT NO: 232-69(Path.No. 66-77) FICHE/MASTER: 000972%¢

MR NO.: 966 ACCESSION NO.: 0504

SPONSOR: E. . du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskel |l Lab; for Toxlicology and Industrial
Medicine, Wlimington, Dal.

AUTHORS: H.Sherman, J.R.Barnes, E.F.Stula, G.J.Stopps
DATE REPORT SUBMITTED: Aug. 15, 1969

TEST MATERIAL: Benomy!, 50 or 70% wottablo powder; 1=-(Butylcarbamoy,
2-benzimidaznlecarbamic acid, methy! ester; (72.2%t or 51.5~52.0%t"
tech.)

SYNONYMS: a.i. Benomyl
Carbamic Acid, (1-({Butylamino)~carbonyl)-1H-benzimidazo!
2-yl)=methyl aester
INT=1991
NB=- 5409-91
DPX-3866
N.B. 8084-1668

MATERJAL AND METHQDS: Male and temale aibino Charles River-CD
strain rats were housed [n pairs (by sex) and given food and watur
ad |ibltum. Atter a nine day obsaervation period, healthy rats
were divided into groups hased on equal averago weiqghts and
administered test compound In their diet by the tollowing scheme
for either | or 2 years {(see necropsy method):

Group No./sex/group Dose PPM (%2.1.)
group | 36 control 0 (0)
group la 36 control 0 (0)
group V 36 Lo7 100 (.01%)
group VI 56 MDT 500 (.05%)
group V11 36 HDT 2500 (.25%)

Observations: Animals were observed and examined regutlariy (inter.
not specified) for bshavioras! and toxicological abnormalities.

Food Consumption and Welght: Animals were weighed once/week for 1.
months than twice/month for the remainder of the study. Food
consumption was monitored for tho same intervals by sex and group.
Laboratory Studies: Hematology - Six randomly selected rats/sex/
group were tested at pretest, 1, 3, 6, 9, 12, 18 and 24 months for
hematocrit (HCT), hemoglobin (Hg), RBC count, WBC count and WBC
ditferential count®. Urinalysis (UA) ~ Urlne was collected over a
24 hour period from the animals used for hematology (no pretest

UA) and examined with respect to the tollowing: protein, sugar,
blood, pH, ketone bodies, volume, solute concentration (mosmoles/!:
color, appearance and microscopic abnormalities. Clinical Chemistr
Ten randomly picked male and females rats in the 0, 500 and 2500 p:
groups were tasted after 1, 3, 6, 9, 12, 18 and 24 months for plasr
alkaline phosphatase. Serum glutamic-pyruvic transaminase {(GPT)

t used for the first 8 weeks of the srudy
tt used for the remainder of the feeding study R
* only on controls,.05% and .25% animals 4
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was tested only in the control and HOT groups unless elevated
lsvels were detected.
tlce with gross and
ropsy: There was an interm | year sacrl
:?zrgscoptc pathologic examlna?to? qeduci:g ea:: :Tzégggggxx?cig.
animals. Aftfer 2 years, the surviving rats we i-
tained wlth Haskel! qua
Tissuas wore fixed In Bouin's solution, s
rl:hﬁomo and examined microscopically. All the listed f;s?u?:.;:?m
the control and HDT (12 and 24 months) rats were examine ST i . Y
while only llver, kldney and testes were evaluated In f?e L a:'e
MDT at 24 months. Subsequently however, all 24 monfhpff:s?es wa!
examined histologically and reported (n Supplemental Pathology
Report No. 66-77.

tliver thoracic aor*a

;::::: pituitary thymus + smoar
tkidney eplididymis bone marrc‘;nal C:}
tadrenal lymph node |umber sp

ovaries peripheral nerve trachea

tstomach talloplan tube tiung

eye tspleen pancreas

skeletal muscle thyroid, parathyroid duod;num

urinary bladder ‘ prostate g:f:ﬁ

salivary gland ttestes

exorbital lacrimal gland uterus

torgan weights, all groups, 12 and 24 months

RESULTS: taken from original reviev..0of March 25, 1970 by M.Quaife.

Chronic toxicity studies !
Rat, 2-year f.eed:h'ag."k

No. of Animals, 36 M and 36 F/group. .

‘Feeding Levels.,* 0, O (second control group), 100, 500, and 2,500 ppm,
Duration, 2 years.
Mortality. No effect, .
Body Weight. No significant effect. (Nlone on food consumption or food
efficiency, either.)
General Behavior. No effect.
to effect of benomyl.
Organ Weight. No effect on weights (either absolute or relative to-
body weight) of brain, heart, lungs, liver, spleen, kidneys, testes,
' stomach, adrenals, and pituitary. K
Clinical Laboratory Tests. No effect on alkaline phosphatase or serum - :
glutamic-pyruvic transaminase determined in rats of both control

No clinical signs of toxicity attributed -

* Test substance was 70% or 507 wettable powder formulated as given, above,

“ for either INT-1991-30 or INT-1991. Dietary levels based on active ingreZ
dient,

.
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groups and those at 500 or 2,500 ppm at 0, 1, 3, 6, 9, 12, 18,
and 24 months on test. No effect on hematologic values (same
ones as determined in rat 90-day study at time intervals given in
preceding sentence). No effect on results ofrurinalysis (also
. done at same tima intarvals): Volume; solute concentration; levels
of sugar, protein, and ketona bodies; color; pH; prasence of occult
& blood; and microscopic appesrance of urinary sediment. .
Histopathology. Tissues examined histologically, in addition to those
listed under “organ weight," above, are: 'Ovary, epididymus, fallop
tube, prostate, uterus, urinary bladder, duodenum, cecum, colon,
skeletal muscle, peripheral'msrve, bone marrow, eya, thoracicaorta,
lumbar spinal cord, trachea, thymus, pancreas, thyroid, parathyroid
salivary gland, lymph node, and exorbital lacrimal gland., These
! tissues from control groups and from 2,500-ppm group examined at '

' both 1 and 2 years., At 2 years, livef, kidney, and testis of 100-
and 500-ppm groups also studied. No significant findings belicved
related to intake of test compound, benomyl, were made. Validity
of this opinion is verified by K. Davis, DVM, Pathologist (told to

+ M. Quaife on January 20, 1970). Wa note that only' certain tissues
of animals in one of the control groups were studied, In male rats
of the other control group (IA), there was a very high incidence of
pituitary tumors and chronic nephritis (> 85% each); such incidence
of pituitary tumors is not matched in the.2,500-ppm male ratd. Liv.
changes wera of frequent occurrence but about equally sprczd batwee:
control and tast groups. Likewise, for testicular degeneration in
male rats,

Neoplasms, No effect.

"No-Effect Lavel,”" 2,500 ppm. »
Results in the supplementary pathology report with histology for
all rats on test indicated no increased incidence of either neopl.
or non-neoplastic lesions.

DISCUSSION: AP and GPT were the only clinical chemistries perform«
on the rats making it difficult to confirm the NOEL for toxicity.
There was however, no reason to expect chemistry changes since
there were no compound related organ weights or histopathologic
changes in any of the groups tested at either sacrifice time,

CONCLUSIONS:
NOEL chronic feeding > 2500 ppm
NOEL oncogenicity > 2500 ppm

CORE-CLASSIFICATION:
Chronic feeding - minimum

Oncogenicity - supplementary since no MTD was established
Original review evaluated and addendum added by M.P.Copley, D.V.
Tox. Br.
9/12/85
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STUDY TYPE: Primary Eye Irritation - Rabbit TOX. CHEM. NO.: 75A

HASKEiL“LAB; REPORT NO: 497 -80 FICHE/MASTER: 00064820
MR NO,: 0581-867 ACCESSION NO.: 243043~

SPONSOR: E. I, du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskell Lab. for Toxicology and Industrial
Medicine, Wilmington, Del.

AUTHORS: O.L.Dashiel, P.Dashley, G.L.Kennedy
DATE REPORT SUBMITTED: June 13, 1980

TEST MATERIAL: Benlate Dry Flowable (75% a.,i.); l-(Butylcarbameyl)-
2-benzimidazolecarbamic acid, methyl ester .

SYNONYMS: a.i. Benomyl
Carbamjic Acid, (l=({Butylamino)=-carbonyl)=-lH-benzimidazol-~

2-yl)-methyl esater
INT-1991
DPX-3866
N.B. 80 84"’1668

original review
. .

Eye Irritation in Rabbits; Haskell Report #497-80; June 13, 1980; Acc.
0. *

Procedure: “Benlate OF Fungicide" was applied into one eye of each of 9
albino rabbits. In each case, 0.1 ml of the test substance was applied.
Three of the animals' eyes were irrigated with tap water for.one minute,
20 seconds post-treatment.

Results: In the non-irrigated eyes at 24 hours, corneal opacity observed
in 276=5, 1/6=10, 1/6=20, 2/6=40; iris irritation in 3/6%S5; conjunctival
redness in 5/6%1; chemosis in 5/6=1 and discharge in 3/6®1, 'By day 8,the
only irritation was slight corneal opacfty (1/6%5, 1/6=10). AN
non-{rrigated eyes were clear by day 11. Three animals showed injury when
viewed with biomicroscope at 8 days. For the irrigated eyes at 24 hours,
corneal opacity exhibited in 1/3<5, 2/3=10; conjunctival redness in

2/3=1. A1l irritation cleared by day 8.

Study Classification: Core Guideline Data.

Toxicfty Category: [I-WARNING. In this case 2/6 non-irrigated eyes
exhibited corneal opacity, 3/6 animals showed corneal injury when viewed
with biomicroscope all at day 8.

\

Original review by Sherell A. Sterling
FHB/TSS .
11/14/80 G
(addendum on next page)
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Addendum by M.P.Coplay

MATER |AL AND METHCUS:
Tast material (0.) ml, 51.4 gm) was instilled in the right eyeas.

Eyes were examined and scored according to the method cf Draize -

days Y, 2, 3, 4, 8, and 11,

CONCLUSIONS: Unwashed eyes: Benlate produced corneal opacities
which were revaersible by |1 days. Mild Iritis and conjunctiviti-
waere presont for only 3 days. Washed eyes: Washing after 2CG s«-
was effective in decreasing corneal lesions and keeping conjunc®.
to & minimum,

Eye lrritation scors:

1d 24 3d a4d 8d 11d
unwashed 27 17 9 7 3 0 nae
washod 10 9 7 2 0 0 ne?

Original review evaluated and addendum added by M.P.Copley, D.v.
Tox. Br.,
9/12/85

9%



@ - @ CI4579

STUDY TYPE: Primary Eye Irritation = Rabbit TOX. CHEM. NO.:

HASKELL LAB., REPORT NO: 179-81 FICHME/MASTER: 0C

SPONSOR: E. |. du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskel! Lab. for Toxicology and Industri
Maedicline, Wilmington, Deol.

AUTHORS: L.S.SlIber, O.L.Dashiel, G.L.Kennedy

DATE REPORT SUBMITTED: April 6, 1981

TEST MATERIAL: Benlate Dry Flowable (75% a.i.); 1-(Butylcarbamo
Z-benzimidazolecarbamic acid, methy' ester T -

SYNONYMS: a.i. Benomyl
Carbamic Aclid, (1-((Butylamino)=-carbonyl)=1H=-benzimic
2-y!)-methy! ester
INT=-1991
DPX-3866
NOB- 0759"85"2

MATERIAL AND METHODS: Test materia!l (0.1 mi, 46.2 mg) was ins?
In the right eye of 9 male albino rabbits (strain unspecitied).
Twenty seconds later 3 eyes waere washed with fap water for 1! mi
The left eyes were used as untreated controls. Eyes waro exanm’
scoraed according to the method of Dralize on days 1, 2, 3, 4 an:

A

RESULTS: Unwashed esyes: Corneal opaclities poersisted 24 hr In
animal, 2d in 2 rabbits and 3d in 3 rabbits. All unwashed syo-
waere normal by 4 days. Minimal Iritis occurred in 5 animals an
disappeared after 4 days. Conjunctival irritation, chaggcteri:
by minimal redness, chemosis and a bloody discharge (day ! ont!,
was p~esant in all 6 eyes for no more than 2d. (ndividual anir
scores ranged from 14-55 on day ! and 0-29 on day 2. Biomicros
cornea! effects were moderate to slight on day | and disappear:
day 4. MWashed eyes: Washing after treatment decreased lesions
minimal corneal opacltles lasting only 3d in 2 animals. The tn
rabbit had lesions lasting till day 4, most severe on day J.
Conjunctival redness occured in 1 rabbit lasting 2 days. Biomi
corneal eftects ware slight in all 3 rabbits lasting through do

CONCLUSIONS: Unwashed eyes: Benlate prcduced slight to mild c«
opacities which were reversible by 7 days. Minimatl iritis and
conjunctivitis were present for 4 days. Washed eyes: Washing
after 20 seconds was effective in decreasing corneal! lesions an
keeping conjunctivitis to a minimum in 2 out of 3 animals. One
had lesions as severe as these without washing.

Eye irritation score:

1d 24d 3d ad 7d
unwashed 28.1 14,2 4.2 7.3 0 n=6
washed 4.7 4,7 13.3 3.3 0 n=3

14



Toxicity Catagory: 11

CLASSIFICATION OF STUDY:

-36- ® 004675

core-minimum

Reviewed by M.P.Copley, D.
Tox. Bre.
9/12/85
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STUDY TYPE: Skin Irritation - Rabbit uTOX. CHEM. NO.: -~
HASKELL LAB. REPORT NO: 367-80 FICHE/MASTER: 000¢
MR NO.: 0581-867 ACCESSION NO.: 24~

SPONSOR: E. |. du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskel! Lab. for Toxicology and Industria
Medicine, Wilmington, Del.

AUTHORS: O.L.Dashie!, L.S.Silber

DATE REPORT SUBMITTED: May 12, 1980

TEST MATERIAL: Beniate Dry Flowable (75% a.i.); 1-(Butylcarbamoy
2-benzimidazolecarbamic acid, methy! ester

SYNONYMS: a.i. Benomyl _
Carbamic Acid, (1-((Butylamino)-carbonyl)-1H-benzimida.
2-yl)-methyl ester
INT=1991
DPX~3866
N.B. 8084-~1668B

Original review
”

Skin Irritation Test on Rabbits; Haskell Report #367-80; May 12, 1980;
Acc. No. 243043

. Procedure: 6 New Zealand white rabbits were exposed to the "Benlate DF
Fungicide" at 4 sites on each rabbit (2 abraded, 2 intact). The test
substance was applied as a paste at 0.5g per site under occlusive wrap fc
24 hours. Animals were observed at 24, 72 hours, 6 days.

Results: At 24 hours intact sites showed erythema in 6/12=1, 2/12=2; no

edema. Abraded sites at 24 hours exhibited erythema in 9/1221, 2/12=2;

edema in 6/12%1, 1/12=2. -By 72 hours, only 1/12 showed very slight

grythema gt abraded sites; no irritation at intact sites. A1l scores wer
by day 6.

Study Classification: Core Guideline Data.

Toxicity Category: IV - CAUTION"
Original review by Sherell A. Sterling; FHB/TSS; 11/14/80

Addendum
CONCLUSION: Benomyl (75% a.i.) is a slight to mild irritant

PIS: 0.67 (range 0.25 - 1.0) for day |
Original review evaluated and addendum added by M.P.Copley, D.V.M.

Tox. Br. ?ﬁ
x9/12/85 i




. 4 -40- '

STUDY TYPE: Skin Irritation and TOX. CHEM..NO.: 7

C04€7¢

sensitization - Guinea Pigs

HASKELL LAB. REPORT NQO: 84-69 FICHE/MASTER: 0009
MR NO.: 058} ACCESSION NO.: 504.

SPONSOR: E. |. du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskeill Lab. for Toxicology and Industrial
. Medicine, Wilmington, Del.

AUTHORS: C.W.Colburn, J.A.Zapp

DATE REPORT SUBMITTED: April 18, 1969

TEST MATERIAL: Benomy! (Technical); 1-(Butylcarbamoyl)-
2-benzimidazolecarbamic acid, methyl ester

SYNONYMS: Carbamic Acid, (1-((Butylamino)-carbonyl)-1H-benzimidaz -
2-yl)-methyl ester
INT-1991-202
DPX-3866
N.B. 6275~175

MATER AL AND METHODS: Skin irritation: Ten male albino guinea pi
were treated with .05 ml each of a 10%, 25% and 40% paste of Beno
in dimethylphthalate (DMP). The material was rubbed into shaved

intact skin and scored 24 hr later using the following system:

0 - negative
+ - mild erythema
++ - moderate erythema
+++ - strong erythema
+4+4++ -« erythema with edema

Sensitized (S)

presence of reaction beyond site of applicat

Sensitization: Induction - The same ten animals were used as foll
5 received B applications of the 40% and 1 of 26.6% paste rubbed
on abraded skin over a 3 week period. The remaining 5 animals
received 4 intradermal injections of a 1% solution in DMP (.1 ml)
Challenge - The animals received the 15T challenge after a 2 week
rest period. Twenty-five and 10% pastes were applied to both
intact and abraded skin on the induced animals and scored 24 hr
tater. Chatllenge 2 was given 5 days later. Ten controls without
prior induction also received both challenges.

RESULTS: The following are the results for the irritation and
sensitization tests: ,

dose [irritation* challenge 1** challenge 2**
level 0 + ++ I+ ++  +4++ ++++ S 0 + ++ +++ +4+++
10% 2 7 1 /5 2/4 1/ /1 6 |5/3 4/5 /Y /1

25% 1 8 1 3/1 5/5 /1 2/3 1/1 6/6 2/2 /1
40% 7 3

* number of animals affected
** number of intact sites/number of abraded sites
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Control animals had:

dose intact abraded
level 0 + 0 +
102 9 i 6 4
25% 6 4 8 2

DISCUSSION: This compound is a mild to moderate irritant in guin
pigs. Although it Is a moderate sensitizer the sensitization
decreases rapidly. Individua!l animal data was not presentad by *t
registrant.

CONCLUSIONS: Moderate sensitizer
Mild irritant

CORE-CLASSIFICATION: minimum

Reviewed by M.P.Coplay, D.V.
Tox. Br.
9/12/85

9%
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STUDY TYPE: Mutagenicity Evaluation in TOX. CHEM. NO.: 7

34679

Salmonella Typhimurium

HASKELL LAB. REPORT NO: 560-80 FICHE/MASTER : gg01 -
MR_NO.: 0581-881

SPONSOR: E. |. du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskell Lab. for Toxlicology and Industria!
Medicine, Newark, Del.

AUTHORS: A.L.Horst , D.F.Krahn

DATE REPORT SUBMITTED: Aug. 22, 1980

TEST MATERIAL: Benomyl (99.6% a.i.); 1-(Butylcarbamoy!)-2-
benzimidazolecarbamic acid, methyl ester

SYNONYMS: a.i. Benomyl
Carbamic Acld, (1-((Butylamino)=-carbonyl)-1H-benzimida:
2-yl)-methyl ester
INT-1991
DPX-3866

Original review

"Horst and Krahn (1980) evaluated the mutagenic potential of
technical grade benomyl! (Polish;Cieck, 97.6% pure) in S. Typhimur
Plates were treated with dosages rangling from 100 to 10,000 ug in
the presence or absence of lliver microsomal activation. The 5,0C
and 10,000 ug doses with activation increased the number of rever
plate over that of control plates by 2.6 and 7.6 times in strain
TA 1537, respectively. The same two doses caused respective incr
of 2 and 10 times (above)* controls In straln TA 98."

Original review by Roger Gardner, TB, 7/6/82

Addendum

MATER IAL AND METHODS: Strains TA 1535, TA 1537, TA 98 and TA 10C
were tested in 2 independent trials each with duplicate plates.
was no cytotoxicity observed in TA 1535 at concentrations up to
10,000 ug/plate.

CONCLUSION: Test material Is mutagenic in S. typhimurium with
activation.

CLASSIFICATION: Acceptable

Original review evaluated and addendum added by M.P.Copley, D.V.M.

Tox. Bre.
x9/12/85

()*added to original review 9
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STUDY TYPE: Chinese Hamster Ovary Cell Assay TOX. CHEM. NO.: 7¢

0J48%79

(HGPRT)

HASKELL LAB. REPORT NO: 438-80 FICHE/MASTER: (005
MR NO.: 581-852

SPONSOR: E. t. du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskell Lab. for Toxicology and Industrial
Medicine, Newark, Del.

AUTHORS: K.Fitzpatrick, D.F.Krahn

DATE REPORT SUBMITTED: May 16, 1980

TEST MATERI!AL: Benomyl (99.9-100% a.i.); 1~(Butylcarbamoyl)-
2-benzimidazolecarbamic acid, methy! ester

SYNONYMS: Carbamic Acid, (1-((Butylamino)-carbonyl)-1H-benzimidazc
2-y1)-methyl ester
INT=1991
DPX-3866

Original review

"A repor® on a mutagenicity assay with a Chinese hamster ovar
cell llne which can demonstrate mutations at the gene locus codin:
for hypoxanthine-guanine phosphoribosyl ftransferase (HGPRT) was
submitted (Fitzpatrick and Krahn, 1980). This study included
benzo(a)pyrene and ethyl methane sulfonate as positive controls an
a vehlicle control (DMSO) were used, and benomyl| was added to test
cultures with or without metabolic activation by rat liver microso
enzymes (S-9). Resistance of cells to 6-thioguanine was used as
the Indicator of mutagenic effaects.

The authors reported a dose-related cytotoxic response which
was more evident in cultures exposed to the chemical without
activation. No statistically significant differences in mutation
fraquency were noted in cultures treated with activated or
nonactivated benomy!. Concentrations ranged from 17 to 172 uM, an
no statistically significant frends were noted. Positive controls
demonstrated that tha test system was sensitive, and cell survival
was greater than 10% at most concentrations used. The authors
concluded that benomy! was not mutagenic under these test conditio
(Fitzpatrick and Krahn, 1980)."

Original review by Roger Gardner; TB; 7/6/82

Addendum

MATERIALS AND METHODS: Benomy! was tested in 2-5 independent
trials each with duplicate plates.

CONCLUSICN: Test material is not mutagenic in this test system

CLASSIFICATION: Acceptable

Original review evaluated and addendum added by M.P.Copley, D.V.M.

Tox. Br.
9/12/85 10
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STUDY TYPE: Mutagenesis - L5178Y TKH/ - T X. CHEM. NO.: 7°
LAB. PROJECT NO: LSU-7558 FICHE/MASTER:

SPONSOR: Environmental Protectlon Agency
STUDIES PERFORMED AT: SRI Internatlional, Menlo Park, Callfornia

AUTHORS: M.M.Jotz, D.D.Rundle, A.D.Mitchell

DATE REPORT SUBMITTED: Dec. 1980

TEST MATERIAL: Benomyl (99% a.i.); 1-(Butylcarbamoyl)~-
2-benzimidazolecarbamic acid, methyl ester

SYNONYMS: Carbamic Acid, (1-((Butylamino)-carbonyl)-1H-benzimidazo
2-yl)-methy! ester
INT=-1991
DPX~-3866

Original review

"The ... study (Jotz, !980) evaiuated the ability of benomyl
with and without metabolic actlvation (liver S-9 mix) to induce
forward mutations at the thymidine kinase (TK) locus In mouse
L5178Y lymphoma cells, ethylmethane sulfonate (EMS) and
3-methylcholanthrene were used as positive controls,

The authors concluded that benomyl is mutagenic in this test
system since the mutation frequency was Iincreased ir a dose-relate
manner, and some doses which had cytotoxicity increased the mutati.
frequency by more than twice that of the vehicle control (DMSO).
The table summarizes the results for the controls and highest dose
causing less than 90% cell death. The results indicated that
metabolic activation enhanced benomy!'s mutagenic activity.”

Origlinal review by Roger Gardner; TB; 7/6/82

Addendum

MATERIALS AND METHODS: Concentrations without activation were fror
2~25 ug/m! and with activation were 5-50 ug/ml, with higher doses
causing less than 10 § growth. The range was determined based bot®
on relative total growth and precipitation. There was one tfrial
with duplicate samples.

CONCLUSION: Increased mutation frequencies were observed at 50 ug
without activation and at 12 and 25 ug/ml! with activation. The te:
material is a weak mutagen in this syste.

CLASSIFICATION: Acceptable

Original review evaluated and addendum added by M.P.Copley, D.V.M.

Tox. Br.
9/12/85
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"The Effects of Benomyl on the Frequency of Forward Mutations
at the TK Locus in L5178Y Mouse Lymphoma Cells (Jotz et al., 1980)5/

Test . Re;ative Total Mutation Frequency
Group Growth Percent (x 10°6),2/

Without Activation

Vehicle Control 107.2 as
(DMSO 1%) 93.1 37
Positive Control
(EMS 1500 . 35.2 655
ug/ml) ’ 48.2 449
Benomyl ls8.8 122
(50 ug/m1)3/ 23.6 20

f1ith Activation

Solvent Control . 103.4 66
(1% DMSO) 96.5 9l
3-methylcholanthrene *50.8 lleé
(5 ug/ml) 58.3 342
Benomyl 9.1 531
(25 ug/m1)%/ 10.5 583

l/Replicate results are reported.

2/petermined by dividing the number of mutant colonies seen by the unber of
potentially viable colonies per 3 x 108 cells plated.

E/Hiqher doses caused relative total growth to be less than 10%, and lower
doses did not consistently cause mutation frequencies of twice the control
rate.

4/the highest dose tested. Doses as low as 12 ug/ml doubled the mutation
frequency when compared with controls.”
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STUDY TYPE: Micronucleus test JOX. CHEM. NO.: 75/

LAB. PROJECT NO: LSU-7558-19 FICHE/MASTER:
GS0119-C03

SPONSOR: Environmental Protection Agency
STUDIES PERFORMED AT: SRI International, Menlo Park, California

AUTHORS: B. Kirkhart
DATE REPORT SUBMITTED: Feb. 12, 1980

TEST MATERIAL: Benomy! (% a.i. not given); 1-(Butylcarbamoyl)-~
2-benzimidazolecarbamic aclid, methyl ester

SYNONYMS: Carbamic Aclid, (1-({(Butylamino)-carbonyl)-iH-benzimidazo:
2-yl)=methy! ester
INT=-1991
DPX-3866

Original review

. "In the ««.. study, groups of 24 male mice were given daily
doses by gavage of 250, 500, or 1,000 mg benomy! per kg body welgh*
on two consecutive days. A vehicle control (DMSQ) group was also
included. The authors stated that the highest dose presented a
solubility problem which was corrected before the second dosage wa-
administered, but they were uncertain about the amount given the
first time. Eight animals from each group were sacrlfliced 24, 48,
or 72 hours after the second dose was administered. Bone marrow
from the femur of each animal was taken for examination. For each
animal, 500 polychromatic erythrocytes (PCE) were examlined for
micronuclel, and the number of mature erythrocytes was counted
until| 200 PCE's were found.

The authors stated that a compound is considered to be positi.
in this assay If at least two dose-time groups had a statistically
significant increase over controls in the number of cells with
micronuclel per 500 PCE's. Before the study Is considered negativ:
at least 4,000 PCE's per dose-time group must be examined at 24 to
96 hours after the first dose Is given; the highest dose is a
maximum tolerated dose; the average PCE to erythrocyte ratio is
greater that 0.15 for each group and all groups do not have a
statistically significant increase In the number of cells with
micronuclei per 500 PCE's.

According to the authors, the statistical procedure used show:
that four groups had significantly increased numbers of cells with
micronuclei. These groups inciuded the low and mid dose groups at
48 hours (15/3500 and 16/4000, respectively as compared to 5/3000
cells from vehicle controls) and in the high dose group at 48 and
72 hours after treatment (20/3500 and 17/3500, respectively;
respective control values are 5/3000 and 6/3500)."

Original review by Roger Gardner; TB; 7/6/82
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Addendum

CONCLUSION: Test material is mutagenic In this system

CLASSIFICATION: Acceptable

Original review evaluated and addendum added by M.P.Copley, D.V.M.

Tox. Br.
9/12/85
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STUDY TYPE: Sister Chromatid Exchange (CHO) TJOX. CHEM. NO.: 7

.LAB. PROJECT NO: LSU-7558 FICHE/MASTER :

SPONSOR: Environmental Protection Agency
STUDIES PERFORMED AT: SR! International, Menlo Park, Callfornia

AUTHORS: E.L.Evans, A.D.Mitchell
DATE REPORT SUBMITTED: Aug. 1980

TEST MATERIAL: Benomy! (99 £ a.i.); 1-(Butylcarbamoyl!)~-
2-benzimidazolecarbamic acid, methyl estar

SYNONYMS: Carbamic Acid, (1-({(Butylamino)-carbonyl)-1H-benzimidaz:«
2-y|)-methy! ester
INT-1991
DPX-3866

Original review

"The +.. study (Evans and Mitchell, 1980) was conducted with
Chinese hamster ovary cells in cultures containing varying
concentrations of benomyl! without metabolic activation (0, 0.625,
1.25, 2.5, 5 or 10 ug/ml) or metabolically activated benomy! (O,
0.375, 18,75, 37.5, 75 or 150 ug/m!).... These concentrations wer:
selected so that treated cells could undergo at least two divisior
within 24 hours. Ethy! methane-sulfonate (EMS) and dimethylnitro:
(DMN) were used as positive controls and a vehicle control (0.95 ¢
ethanol In culture medium) was included. Two samples of 25 cells
each were scored for number of sister chromatid exchanges and
number of chromosomes. A total of 50 cells were scored for each
group.

The 5 and 10 ug/ml dosages did not allow sufficient numbers «
second division metaphases to occur for an evaluation. The author
stated that there was a scoring discrepancy between the two
cytogeneticists' observations. One found no effects, while the
second noted an Increase In sister chromatid exchanges (SCE) whic’
peaked at the 1.25 ug/ml concentration. A third cytogeneticist's
observations were reported to show a plateau in the increased numt
of SCE's at the three concentrations. Analysis of variance appli:
to all three sets of observations showed a statistically significe
increase in SCE's for cells treated with benomyl without metaboli:
activation (variance between groups was significantly greater thar
that within groups). Similar results were obtained when three se-
of observations were analyzed for metabolically activated benomyl!.

The number of SCE's (per chromosome) in the EMS group was
three to four-times that of the unactivated negative controls,
while the three unactivated benomyl groups had one-third more SCE'’
(per chromosome) than controls. |In the experiments with
activated benomy!, the DMN positive controls had approximately
twice the number of SCE's found In negative controls. The benomy’
groups had increased numbers of SCE's (by approximately 25 to 10C¥
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above controis). The number of SCE's per cell was increased by or
sixth to one-halt above that for negative controls for unactivate:
benomyl. The activated funglicide increased that number by
approximately 50 to 100f over that seen In controls.

The authors concluded that resufts of this study were weakly
positive (Evans and Mitchelii, 1980)."

Original review by Roger Gardner; TB; 7/6/82

Addendum

CONCLUSION: Test mater al is weakly mutagenic in this system
CLASSIFICATION: Acceptable

Original review evaluated and addendum added by M.P.Copley, D.V.M.
Tox. Br.
9/12/85
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STUDY TYPE: DNA Repair (1° mouse hepatocytes) TOX. CHEM. NO.:

HASKELL LAB. REPORT NO: 741-81 FICHE/MASTER:
MR NO.: 4065-001 GSUTI9=UU5

SPONSOR: E. |. du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskell Lab. for Toxicology and Industri.
Medicine, Wilmington, Del.

AUTHORS: C. Tong
DATE _REPORT SUBMITTED: Oct. 20, 1981

TEST MATERIAL: Benomy! (% a.l. not given); 1-(Butylcarbamoyl)-
2-benzimidazolecarbamic acld, methyl ester

SYNONYMS: Carbamic Acid, (1-((Butylamlno)=-carbonyl)=1H-benzimida
2-yl)=-methy! ester
INT-1991
DPX-3866
N.B. 8084-1668

Original review

"The DNA repair assay In mouse hepatocyte primary cultures
(HPC) 'was submitted (Tong, 1981). Benomyl ... was evaluated a!
with dimethyinitrosamine, dimethylformamide, fluorene and 2~amin
fluorene which were used as positive controls. The |liver was
removed and primary cultures were started with hepatocytes from
B6C3F] mice benoryl and tritiated thymidine (19 uCi) wers
added to the culture medium. After 18 to 20 hours of incubating
the treated cultures, they were fixed and examined microscopicail
for morpholiogical changes and absence of s-phase nuclel indicati
of cytotoxicity. Autoradiographic techniques were used to detier
the number of nuclear grains induced by test chemlcals. Backgro
counts were obtalined by evaluating three nuclear-sized areas In
cytoplasm; these values were averaged and subtracted from the nu
counted in the nucleus to obtain a net value for each nucieus.
chemical is considered capable of inducing DNA repair when a net
count of 5 grains or more is observed consistently in each of tn
nuclel examined in each ot 3 replicate experiments.

Benomy! did not induce DNA repair in ... mouse hepatocytes
(Tong, 1981) .... The dimethylnitrosamine and 2-amino fluorene
increased the number of nuclear grains from 7 to 15 times the v
set as ‘the criterion for a positive response (5/nucleus; Tong, |

Original review by Roger Gardner; TB; 7/6/82
Addendum
MATERIAL AND METHQODS: Five log doses were tested in triplicate

independent tests (.5, .03, .005, .0005, .00005 mg/mli). Only tb
non-toxic levels were counted.

RESULTS: Test 1: .5 and .05 ma/m! were toxic
Test 2: .5 and .05 mg/m! were toxic
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CONCLUSION: Test material is not mutagenic in this system

CLASSIFICATION: Acceptable

Original review evaluated and addendum added by M.P.Copley, D.V.M.
. © . Tox. Br.
9/12/85
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STUDY TYPE: ODNA Repair (1° rat hepatocytes) TOX. CHEM. NO.:

HASKELL LAB. REPORT NO: 741-82 FICHE/MASTER:
MR NO.: 4065-001 GSO0IT9-006

SPONSOR: E. 1. du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskell Lab. for Toxlicology and Industri
Medicine, Wiimington, Del.

AUTHORS: C. Tong
DATE REPORT SUBMITTED: Oct. 20, 1981

TEST MATERIAL: Benomy! (% a.l. not given); 1-(Butylcarbamoyl)-
2-benzimidazolecarbamic acid, methy! ester

SYNONYMS: Carbamic Acid, (!1-((Butylamino)=-carbonyl)~-lH-benzimid.
2-yl)-methyl ester
INT=-1991
DPX-3866
N.B. 8084-1668B

Original review

"The DNA repalr assay in rat hLepatocyte primary cultures
(HPC) was submitted (Tong, 1981). Benomy! ... was evaluated a
with dimethylnlitrosamine, dimethy!formamide, fluorene and 2-ami
fluorene which were used as positive controls. The liver was
removed and primary cultures were started with hepatocytes from
F344 rats benomyl and tritiated thymidine (19 uCi) were added t.
the culture medium. After 18 to 20 hours of Incubating the tre
cultures, they are f{ixed and examined microscopically for
morphological changes and absence of s-phase nuclel indicative
of cytotoxicity. Autoradlographic techniques are used to deter-
the number of nuclear grains induced by test chemicals. Backgr’
counts were obtained by evaluating three nuclear-sized areas in
cytoplasm; these values were averaged and subtracted from the .n
counted in the nucleus to obtain a net value for each nucleus.
chemical is considered capable of inducing DNA repair when a ne-
count of 5 grains or more is observed consistently in each of t°
nuclei examined in each of 3 repiicate siides.

Benomy!l did not induce DNA repair In ... rat hepa’‘ocytes
(Tong, 1981) ... The dimethylnitrosamine and 2~amino tluorene
increased the number of nuclear grains from 7 to 15 times the |I:
set as the criterion for a positive response (5/nucleus; Tong,

‘riginal review by Roger Gardner; TB; 7/6/82
.ddendum
MATERIAL AND METHODS: Flve log doses were tested in triplicate

independent tests (.5, .05, .005, .0005, .00005 mg/mi). Onliy t
non-toxic levels were counted.
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RESULTS: Test 1: .5 mg/m)] was toxic
Test 2: .5 and .05 mg/ml were toxic

CONCLUSION: Test material is not mutagenic in this system
CLASSIFICATION: Acceptable

Original review evaluated and addendum added by M.P.Copley, D.V.M.

Tox. Br.
9/12/85
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oc;\\ STUDY TYPE: Teratology - Rats (microphthalmia) TOX. CHEM. NO.: 75
HASKELL LAB. REPORT NUMBER: 587-82 FICHE[MASTER; 0011567 4
‘ ACCESSION: 248563
2LoTh9

n Materials and Methods:

SPONSOR: E. I. du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskell Lab. for Toxicology and Industrial
Medicine, Wilmington, Del.

- AUTBOR: R.E.Staples

DATE REPORT SUBMITTED: 1982

TEST MATERIAL: Benomyl; l-(Butylcarbamoyl)-2-benzimidazolecarbamic
acid, methyl ester

SYNONYMS: Carbamic Acid, {(1-((Butylamino)-carbonyl)=-1H-benzimidazol-
2-yl)-methyl ester; (99.1% purity)
INT-1991-4Tk
DPX-3866
NQB. 5103"109

Reviewed by Roger Gardner, June 30, 1983

Test substance: Benomyl (99.1% purity, contaminants were not
identified) was used. The sample was numbered INT-1991-474,

Test Species: Pregnant Crl: CD® (SD) BR rats were used. Day
1 of gestation was the day sperm were detected in vaginal
smears.

Experimental Procedure:

Benomyl was suspended in stripped corn oil and administered
by gavage at dosages of 0, 3, 6.25, 10, 20, 30, or 62.5 mg/kg.
The dosages were administered in 1 ml of vehicle daily from day
7 through day 16 of gestation. There were 46, 47, 47, 48, 47,
47, or 19 animals in the 0, 3, 6.25, 10, 20, 30, or 62.5 ’
mg/kg/day dose groups, respectively.

On day 21 of gestation dams were sacrificed and examined
for gross pathological signs. Ammonium sulfide solution was
used to determine the incidence of pregnancy in uteri of
apparently non-pregnant dams.

Maternal body weights were obtained on day 5 of gestation
for the purpose of dosage preparation.

[
P
-

At sacrifice the numbers of implantation sites, resorptions,
live fetuses and dead fetuses were determined. Fetuses were
individually weighted and mean live fetus weights per litter
were calculated.
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Fetal examinations were. limited to the determination of
the incidence of external hydrocephaly and microphthalmia. Eye
diameters were measured in cases of suspected asymmetrical or
small eyes. One measurement was made from the pinna through
the center of the eye, and the other was made through the center
and perplendicular to the first. The criteria for identification
of microphthalmia considered the smaller of the two measurements.
If both measurements were at least 0.4 mm less than those in
the alternate eye, the smaller eye was classified as microphthalmic.
Both eyes of a fetus were classified microphthalmic if the
measurement was less than l.8mm (the smallest diameter found in

the control group). A transverse section through the center of
both eyes was made freehand, and the eyes were examined for
microphthalmia. All measurements and examination were made
under magnification (1l0X).

A transverse séction was made throught the widest portion °
of the head which was then examined for signs of internal hydro-
cephaly.

The author noted that the litter was considered the
experimental unit for statistical analyses. The analyses
included the Fisher's exact test for incidence of maternal and
fetal mortality and occurrence of fetal effects, the Mann-
Whitney U test for significant differences in maternal body
weights, one-way analysis*~of variance and Dunnett's tests for
maternal body weights after censoring those animals without
live fetuses, dying before scheduled -sacrifice, or those bred
on the wrong date, and Jonckheere's test for significance of
dose~response relationships.

Reported Results:

The author noted that no statistically significant differences
between group mean maternal body weights were £found.

One dam died on day 1l of gestation because of dosing
error (30 mg/kg/day group). Other dams were excluded from the
study because of errors in breeding date estimation (detected
on the basis of unusually light or heavy litter weights). There
were 4, 2, 3, 2, 3, 3, or )} eliminated from the 0, 3, 6.25, 10,
20, 30 or 125 mg/kg/day groups, respectively.

Pregnancy rate varied from 84.2% (16/19} in the highest
dose group to 95.7% (44/46) in the control group. No statistically
significant differences were noted by the authors. Only one
fetus was found dead (10 mg/kg/day). The highest dose group
was reported to contain 1 fetus with microphthalmia and 1 fetus
with hydrocephaly in separate litters). The number of litters
containing fetuses with hematomas was comparable in the control
and treated groups with the exception of the highest dose. 1In
that dose group 1l of 16 litters contained an average of 1l (+
6.0) % fetuses with hematomas (1 to 2 per litter) while 15 of
43 control group litters contained fetuses with hematomas (1l to
2 per litter). Mean fetal weight in each litter was statistically

[onrs
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“significantly less tha@lhat reported in controld@3.9 + 0.08 g

in the highest dose group compared with 4.1 + 0.04 g in “the

control group; p less than 0.05, Mann Whitney U test, two O{J4rw~9
.tailed). The author stated that no statistically significant 0(
dose~-related effects were detrcted with respect to these

observations as well as the other parameters measured.

Jﬂ 'a'x‘”

e

L)

Discussion and Conclusions:

This study is intended to evaluate a specific effect on
the development of the eyes in fetal rats. The data presented
by the author supports the stated conclusion that the lowest
teratogenic effect level (LEL) is 62.5 mg/kg/day and that under
the conditions of the study describud hercein a no-obsurved
effect level (NOEL) is 30 mg/kg/day..

Core'Classification. Supplementary. The study was intended to
evaluate a specific effect noted in previous studies.
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$TUDY TYPE: Teratology - Rabbits TOX. CHEM. %97’ T5A
HAZLETON LAB. REPORT NUMBER: 210-21k FICHE/MASTER: 0003
MR NO.: 1079 ACCESSION: 091750-0

SPONSOR: E. I. du Pont de Nemours and Company

STUDIES_PERFORMED AT: Hazleton Lab., Falls Church, Va.

AUTHOR: W.M.Busey
DATE REPORT SUBMITTED: T7/15/68

TEST MATERIAL: Benomyl, 1-(Butylcarbamoyl )-2-benzimidazolecarbamic
acid, methyl ester (50% a.i.)

SYNONYMS: Carbamic Acid, (1- ((Butylamino)—carbonyl)-lﬂ-benzimidazol-
2-yl)-methyl ester; (99 1% purity)
INT-1991-99
DPX-3866
N.B. 5103=-109

Reviev by M.L. Quaife, 5/3/T1

"We Jjudge following summary to be a fair appraisal of results
of study. We add selected values, below (in footnotes), to illustrat
findings.

The purpose of this study was to evaluate the potential of
funglicide 1991 {(Benomyl, Code No. INT-1991-99, powder, approximately
50% active ingredient) for embryotoxic and/or teratogenic effects
in (New Zealand White) albino rabbits. The test material was
administered in the diet (Purina Rabbit Chow, available ad lib.)
at dose levels of O, 100, and 500 ppm (to 15 each artificially
impregnated does/group on days 8-16, of gestation). (Seven or
eigzht does in eachgroup were sacrificed on day 29 or 30 of gestation
and the remainder allowed to hutch normally.)+t

There were no maternal deaths during the study. One abortion
occurred in the low level group. Tissue masses which were apparent
fetuses and dead pups were found in the cage pans of one lov-level
doe and one high~level doe prior to initiation of the treatment
period. Both of these animals were sacrificed on Day 6 and were
excluded from the study. A total of 34 of 43 does used in this
study (excluding the two does which vere sacrificed) became pregnant
(12 control, 13 low level, and nine high level).

The appearance, behavior, body weight gain®, and food consumptic
of the test animals were, in general, comparable to the controls.

No evidence of a compound-related effect wWas noted in the following
criteria: Findings from gross necropsies performed on the does;

the number and placement of implantation sites,®** regorption sites,**
or live and dead fetuses*®##% from Ceasarean deliveries; weight and
length of fetuses, fetal external appearance, and gross visceral
anatomy,; the number of live and dead pups from full-term litters, ®®*x
pup weight and length, external appearance, and gross visceral
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anatomy. The development and structure of test fetal and pup
skeletons (studied after alizarin staining and clearing) were
comparable with the control animals and with accumulated control
data .

Dietary administration of Fungicide 1991 (benomyl) to female
albino rabbits from Day 8 through Day 16 of gestation {(at 100 or
500 ppm in the diet) had no discernible effect on fetal development.

* Mean weight_kain during 3-week period for controls, 100-,

and 500-ppm females is 413, 421 and 369 g, respectively.

#% Implantation sites, 7.3, 7.3, and 8.0/maternal rabbit--control
to high level groups.

#%% Regsorption sites, 0.3, 0.9, and 0.2/maternal rabbit (0~ to
5CO-ppm.

#au# Live fetuses, 6.8, 6.0, and 6.8/maternal rabbit and dead fetuses,
0.2, 0.4, and 1.0/maternal rabbit--same progression.
#aeu® Live pups, 6.8, 6.0, and 5.5/maternal rabbit and dead pups,

2.0, 0.6, and 0.3/maternal rabbit--same progression as above."

CONCLUSION: NOEL = 500 ppm (HDT)

CORE-CLASSIFICATION: Supplementary - due to dietary treatment rather
than gavage and no maternal or fetal toxicity was evident at
the high dose tested.

original review evaluated by M.P.Copley, D.V.M.
Tox. Br.

9/18/85
()t added by M.P.Copley to clarify the original review
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STUDY TYPE: Teratology - Rats TOX. CHEM. NO.: 75A

HASKELL LAB. REPORT NUMBER: 649-80 FICHE/MASTER:

M.R.: 3501-001 ACCESSION: 256575
GS0119-009

SPONSOR: E. I, du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskell Lab. for Toxicology and Industrial
Medicine, Newark, Del.

AUTHOR: R.E.Staples, J.G.Aftosmis

DATE REPORT SUBMITTED: 9/18/80

TEST MATERIAL: Benomyl; l-(Butylcarbamoyl)-2-benzimidazolecarbamic
acid, methyl ester; 99.2% a.i.; Lot #71008A.

SYNONYMS: Methyl 1l-(butylcarbamoyl)-2-benzimidazole~carbamate
Carbamic Acid, (1-((Butylamino)-carbonyl)-1lH-benzimidazol-
2~yl)-methyl ester
INT-1991
DPX-3866

MATERIAL AND METHODS: Pregnant ChR-CR® strain rats, 9 weeks
old, weighing from 156.4 to 206.1 gm were obtained from
Charles River Breeding Labs, Inc. on days 2 and 3 of gestation
(2G, 3G). Day 1G was determined by the presence of sperm in
the vagina. They were individually housed, assigned unique
animal numbers and fed standard rodent chow and water ad
libitum. They were randomly assigned to treatment groups on
day 6G such that group mean body weights were similar.
Treatment with the test compound* was by gavage from days 7
through 16G. The groups were as follows:

Dose level (mg/kg/day) No. of females
0 60
3.0 27
10.0 27
30.0 27
62.5 27
125.0 27

Observations - Dams were weighed upon arrival and days 6, 7,

11, 16, 18, and 21G (maternal weight gain was calculated for
days 7G through 10G) and observed daily.

Sacrifice and necropsy examination - On day 21G, prior to
sacrifice by chloroform inhalation, the dams were coded to
eliminate bias. The uterus was removed and examined for:

number of implantation sites, number and position of 1live,

dead and resorbed fetuses; and number of corpora lutea. The
uterus of "non~pregnant" rats was stained with ammonium

sulfide to detect very early resorptions.

External alterations -~ All live and dead fetuses were sexed,
weighed and examined for external alterations (2.5x magnification).
Visceral alterations - About half of the live fetuses per litter
were fixed in Boulns and examined viscerally for soft tissue
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Benomyl suspension was prepared daily and given at a rate of
1 ml/rat/day
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alterations using the method of Barrow and Taylor (J. Morph.,
127: 291-305(1969)., Micro~ophthaimia was determined by measuring
the intact globas (eyelids of both eyes removed). Selected eyes
were examined mlcroscoplically using hematoxylin and eosin stained
sections.

Skeletal alterations - The remalning fetuses were prepared for
examination 1) eviscerated, 2) fixed in 70 £ ethano!, 3) macerated
in 1 § aqueous KOH solution, 4) stalned with allzarin red S.
Statistical evaluation - Incldence of pregnancy, maternal death
and individual alterations were uxamined using the Fisher exact
test. Maternal body weight and welght gain were tested for
signiticance using a 1 way analysis of variance and Dunnett's
test. Jonckheere's test was used to test for dose responses.

The remalining fetal parameters were tested using the Mann-Whitney
U test. P < 0.05 was considered the level of significance.

RESULTS: There were no overt clinical signs of maternal toxicity.
Maternal, reproductive and fetal toxlcity = There were no
significant differences in: maternal body welight or body weight
galn, Incldence of pregnancy, incidence of corpora lutes,
implantation sites, fetal sex ratio, and stunted fetuses betwaen
treated and control groups. Fatuses in the 62.5 and 125.0
mg/kg/day groups were significantly lighter than control fetuses
{Table 1).

Jeratogenicity =~

Maltormations - There was a significant increase Iin malformed
fetuses (table 11) in both 62.5 and 125.0 mg/kg/day groups due
mostly to ocular (microphthaimia and anophthalimia) effects and
brain (distended latera! ventricles, hydrocephaly) lesions

(high dose only). Fused ribs, sternebrae and arches occurred
only at the high dose {(see table i1).

Variations - Several skeletal variations (see table 11t) including:
sternebrai, -hemi, -misaligned, -partially to unossified; and
centra, -bipartite, -hemi were significantiy increased over
controls in the high dose group. Visceral variations were not
treatment-related.

DISCUSSION: There was no observed maternal toxicity at any
dose; however, Benomyl! caused decreased fetal weight at 62.5
mg/kg/day and 125 mg/kg/day. Fetal malformations included
hydrocephaly (high dose) and microphthaimia (62.5 and 125.0
mg/kg/day). Haskell laboratories determined their background
Incidence of microphthalmia between 3/8/76 and 8/20/80 (22
studies). Only | case of bilateral anophthaimia and 3 cases
of microphthalmia (not litter-mates) were confirmed In 530
litters (with 4,935 tetuses). There were two additional cases
of suspected microrhthalmia. They concluded that the background
incldence for this lesion was 4-6/4935 or 1/1000 fetuses. The
study authors speculated that the compound effect on the eye
may have also extended to the 10 mg/kg/day dose due to the
saverity of the microphthaimia in the 2 affected fetuses at
this dose and the low background for this lesion. Further
studies would be needed to confirm this. There appeared to be
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no correlation between microphthalmia and reduced fetal
walight.

CONCLUSION: Maternal toxic NOEL > 125 mg/kg/day (HDT)

Fetotoxic NOEL = 30 mg/kg/day
Fetotoxlic LEL = 62.5 mg/kg/day based on decreased fetal welght

Teratogenic NOEL remains undetermined .unti! the lowest effect
level demonstrating Increased microphthaimia Is determined.

A treatment-related increase of microphthalmia was cleariy .
evident at 62.5 and 125 mg/kg/day. -

CORE-CLASSIFICATION: Supplementary until!l the microphthaimia
question is resoclved.

This study is Core-Minimum when combined with Haskell study
number 587-82 which more clearly defines the NOEL and LEL.
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SENOMYL: TERATOGENICLITY STUDY IN THE RAT
WHEN GIVEN 8Y GAVAG Y3 7 THROUCH 18 OF C! TION
FETAL MALFO! [o].}
- ||/kelgsx' -
Contro . 19, 'y 6.,3 PE
sornal
e No. exawined =feluses/iiicers ©a98/30 217726 231726 2)8/26 21372} 181729
¥o. salformed =fetuses/iiiters 1w b 11 /4
vuunl"‘ R . e
No. exsmined =feluses/iiiters 237190 10272 123726 11M/2S 101722 89722
No. malformed ~fetuses/liiters 33 212 14 t2/70 239
;uhul‘ a
No. ARamined ~fetuses/lizars 2987497 115726 13126 123726 11272} 92729
No. seiformed ~ftesuses/lizzers ¥4 “ib
votal no. malfarmed =fezuses/iiiters 378 22 n 12,4 26/9

avge § salformed fetuses per lizzer(s8.00f 0.930.2 0.0 0.7a2.) 0.6s2.0  S.isid.s’ 19,0202,
——

N - LU 1R 213 4
133114 ]
Cxzecnal b
Cleft palate 1/
Kydrocaphely 323
Ldeus 1
wulttple saltormazions® 11
Micrognathia 3
CUplurned snous N
visceral® “n .
edicrophthaluin/anophshalnta 111 N s 1074 2178,
wlateral veniricles = distendesd (Y2]
Hydronephrosis 2/2 272 I
Skelesal
Nacal &nd presmexilla=shor: i1
Sternebdrae=fused 1,
Rids-fused 3N
Archee~cervical-spresd 171
=thoracice~fused A
=cervical~reduced numbder imn
Contra-fused A

4 dose dased on sverage body weign: on Day & of gestssion
® planks represent 2ero incidence of affected fetuses

€ tscludes alieratione detected tn :he heads of the fetuses exanined for visceral
slterazions; Ln che high dose group also includes 2 fecuses with microphthalsta
thet ware examined skelesally

¢ in any fecus {ncludes only aslformacions a: sites other than those detected externally

¢ difference from no. lizsers examined enternally decsuse one or sote lizters consisted
of only one fetus watch was examined for only viscersl or skelezal slteraitons

100 x ¢ - No, malforeed feiuses (n the 1{:%eg

_ Totel no. of fetuses in che liiter /zotal no. of listecs

Iy $ 257992, £, = aedess lower neck and jaw, ges:roschisis, meningocele, diletersal
eicrophthalaia, | digic sissing and | curved, laterally displaced lower limbs and
tail, 3 chasbered heart, fused pulmonary artery and eoriic erch

A

. 7 of thase 10 fetuses vere froa | lizzer (F ¢ 258027)
oignificently differant from control tncidence dy :wo=-tetled Mann-Whitney U zest
sgnificant dose-response as determined by Jonckhéare's est
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o TADLE 111 o
il S Y > P
g-230)-00 | G946
pket* " BENOMYL: TERATOGENICITY STUDY IN THE RAT ’
WUHEN GIVEN 8Y CAVACE FROM DAYS 7 THROUGH 1o OF GESIATION
FETAL VARIATIONS .. s .y
-~ ,u . B
Conzrel 3.0 10,0 %L, [} %) 143,0
tossl 7O° fetuses with vnugmaqluzzwnu 293750 130723 1)3/1s 140723 118/22 102718
t foryses with vartssions/1tzzer ] ot 33 8?7 83 32
M(',,.,,, (220,4) (226.0) (s21.4) (225.4) (220.7) (222.7)
:{ue:cd fesuses/no. affected litters
‘gxzernel
Nematoma 2318 1310 16/8 17714 8,7 99
petechiae 12711 - e/4 1% 272 87 574
eral
- vu:““ =peliosis |41 in
Lens =9nall pocke: 6/8 212 in
fena) papille-teduced 91/3 Nl bafls 337146 IS 16/10
Rensl pelvis=enlarged 11 2
xeletsl
$ .simll parsially ossilted
=interparietal LYE] 573 i
=patiotal 17l
wguptaoccipisal in i i
~gquanossl mn 22 mn m
d
szernebrae
A et 7 22 ss®’
ediparilie ..q i i 2/2”
-gisaligned (2 a e [Y2] " A4 nn”
-mtealigned (. 6735 314 34 22 (Y SM‘
~unossified 17710 13 /9 3/% 12/0 11/8
eparsially unoestfied 86738 NN 218 w1719 /16 LAY
Rids M
~aissing in
—“avy [ W3] 17) in
=callioused in
wperiiaily osstfied N 7
-exire ossifjcasion stiels) 11275 5120 8/20 SOIU. 4017 9/n?
~rudingniacy 1912 /8 8/6 18712 11/8 1277
-exira” (Y2) 1t " «/2 873 «/)
Cenzta
edutidbbelled lafll 6/% 87 977 10/9, 15/8 .
~Siparzite. 373 3 2 313 87 16/9%%
=fused 1t .
=hetsd 3
-aisaligned 1t
=unossified In an
=par:ially ossified 171
=dieplaced 11
Arch =partially oseified 171 272

* dooe based on gversge body weight on Dsy 6 of gestation

® the nuabder of feiuses exsmined vere identical 20 that listed in Table 11 except the:

fetuses with slformations vere excluded

¢
100 X ¢ “ No. 4 4 fe3 n 3h szer

.. Total no. of fetuses in che lilter /202l no. of

varialtons in slernedrs V were excluded

[}
4 leas: Swo sternedra vith lateral hslves misaligned by one~third or wore of their langsh

. 8880 as for (a) except only one s:iernebrs misaligned
. 41d not appear 0 be due o technical error

iters

the presence of & fourzeenth rib as & round or ovel canter of ossificeston

ihe fourteenzh rib vas termed rudimencary {f 1te leng:h exceeded twice i3 widsh
M fourzeenzh rih was terwed emsts 1f {2s leng:h wes grester then or equel to the

. lengzn of zhe preceding rid
. sigatficans dose~response a8 determined by Jonckheere's tast

, Sgntfican: dose-response as detarmined by Cochran-Areiiage test
“!lluun:ly difteren: frow control incidence by Fisher's exact test

$gatftcanzly differen: from concrol tneidence by cwo-talled Msan-Whitney U ces:
*gniticontly different fros control incidence by Mann-nitney U tesz but only by one~:eiled tes:
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STUDY TYPE: Two-year Feeding study-Dog TOX. CHEM. NO.: 75A

HASKELL LAB. REPORT NO: 48-T0 FICHE/MASTER: 00097305
129-69 00081413
53-~T1 00097318
5L-T1 00097325
Th=17 - 00061618

MR NO.: 966
SPONSOR. E. I. du Pont de Nemours and Company

STUDIES PEKFOKMED AT: haskell Lab. for Toxicology and Industrial
Medicine, Wilmington, Del.

AUTHORS: H.Sherman, J.R.Barns, E.F.Stula, G.J.Stopps

DATE REPQORT SUBMITTED: 3/17/70, supp. path. report 11/22/77

TEST MATERIAL: 1l-butylcarbumoyl-2-benzimidazolecarbamic acid,
methyl ester (approx. 50 % a.i.)

SINONYMS: benomyl
INT-1961
Banlate®vettable powvder

Review by Bruce Jaeger in the 1983 WHO report:

“"Groups of beagle dogs (four males and females/group)
one to two years of age, were administered benomyl (50%
active ingredient) in the diet at dosage levels of 0, 100,

500 and 2500% prm for 2 years. Food consumption and body

veight data were obtained vweekly, and animals were examined

daily for clinical signs of toxicity. Hematological, biochemical
and urinalysis examinations were performed periodically®*
throughout the study. Interim sacrifice after one year vas
performed on one male and one female from control and high

dogse groups. Organ wvelights, gross necropsy and histopathological
evaluations® were performed at the conclusion of the study. Only
the livers and testes were examined histologically in the 100 and
500 ppm dose groups.

There was no mortality related to treatment. Body weight
changes and food consumption values wvere similar among all
groups, except the high dose vhich demonstrated both decreased
food intake and body weight gain. The average daily dose was
55-58 mg/kg body wt. (initially, M & F), T4~T79 mg/kg (at one
year) and 45-55 mg/kg {(at 2 year). One dog at the high dose
lost its appetite and was replaced. No other clinical signs
of toxicity wvere observed. Hematological evaluations and
urinalyses wvere similar to control. Males in the 2500 ppm
group had increased cholesterol, alkaline phosphatase and GPT
values (initially), as well as decreased totel protein and
albumin/globulin (A/G) ratio. There were similar, but less 1;);\

* see addendur for clarification and additional information.
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marked efftects In high dose females. Cholesteroi and total
protein were similar fo controls among the females examined.

The blochemical determinations were supportive of adverse
llver effects, demonstrated as liver cirrhosis among high dose
group animals. There was also slight to marked bile duct
prollferation in 4/6 dogs at the 2500 ppm level. Hemosiderosis,
aevident In one dog in the 2500 ppm group at one year, was fnot
evidence In other dogs examined at 2 years after staining
speclfically for iron. Preparation of preserved wet tissue
with oll red 0 and sudan black for hepatocyte vacuclation
confirmed that benomy! was not hepatotoxic at 100 and 500 ppm
In the diet."

Addendum:

MATERIAL AND METHODS: Food was offered ad libitum betwaen

3:00 PM and 7:00 AM; there was free access to water.
Hematologica!l tests, biochemical tests and urinatysis were
paertformed 3 times pretest, and 1, 2, 6, 9, 12, 15, 18, 21 and

24 months after test initiation.

Hematology - Red blood cell count, hemoglobin, hematocrit, total
and differential ieukocyte counts.

Biochemistry = Glucose, urea-nitrogen, cholesterol, alkaline
phosphatase (APase), glutamic-pyruvic transaminase activity (GPT)
total protein (TP), and albumin/globulin ratio (A/G). -
Urinalysis - pH, volume, osmolality, protein, sugar, urobilinog
acetone, bilirubin, occult blood and microscopic sediment examin.:
Tissues from the control and 2500 ppm groups were fixed in Bouin'
and stained with hematoxylin and eosin for histologic examinatio~

included:
tbrain tadrenal mammary gland tonsil
theart prostate esophagus trachea
tlung tpitultary cecum ga'l bladder
tliiver pancreas colon spinal cord
tspleen urinary bladder trachea salivary gland
tkidney epididymis skeletal m.
ttestis Fallopian tubes peripheral n.
thymus uterus bone marrow
t+stomach ovary eye
+thyroid duodenum thoracic aorta
RESULTS:
MALES (PPM) FEMALES (PPM)
0 100 500 2500 ¢ 100 500 2500
Chol.(2 mon.)|125 121} 106 182 151 147 132 145
(2 yr) 116 128 111 166 i61 141 135 179
APase(2 mon.)|2.0 1.9 1.2 8.9 2.5 1.5 1.9 2.6
(2 yr) 1.6 1.8 1.3 4.0 4.2 0.9 0.9 1.8
GPT (2 mon.)]| 22 19 22 163 18 70 21 39
(2 yr) 23 20 23 23 21 16 14 29
AIb/G(2 mon.)|.80 .80 « 31 .72 .99 1.20 0.92 0.88
(2 yr) .98 1.02 1.1t .81 1.14 6.92 0.96 0.77
Tot. (2 mon.)|{5.80 6.64 5.78 5.57 no treatment relat.
Prot.(2 yr) 6.32 6.36 6.27 5.75 change

torgan weights were taken 12&5
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Increases in (male) chol. and APase started as early as
1 month and remained elevated throughout most of the study in
the 2500 ppm group. GPT (male) increased by 1 month but
returned to normal levels within the 15 months in the 2500
ppm group. Alb/G ratios (males) decreased within 2 months
and remained low throughout the study in the high dose group.
Total protein (male) was slightly decreased within 1 month
and remained low throughout the study in the high dose.
Correlation coefficient analysis of chol., APase, GPT, Alb/G
and total protein indicated a relation between the level of
compound in the food and the change in blood levels. An F
test also indicated differences between the treatment groups
for these parameters (2 standard deviations were considered
significant)., Hepatic cirrhosis was evident grossly and
microscopically in one male sacrificed at 1 year and 2 males and
1 female sacrificed at 2 years.

Sacrifice time lyr 2 yr
Incidence of hepatic 1/2 male 2/3 male
cirrhosis 0/1 female 1/3 _female

Focal testicular degeneration was present in all treatment
groups, with marked testicular degeneration (reduced testes
weight, absence of spermatozoa and spermatic giant cells) in
1/3 dogs at 2500 ppm.

DISCUSSION: The report indicates that treatment was temporarily

witheld from 2 male dogs that lost weight (high dose). ©One of
these was of £ the compound for weeks at a time. There was no
mention of frequency or duration of these occurrences. Although
individual body weights were presented, there were no summaries
present in the report which made weight gain difficult to
analyze. Hepatic cirrhosis observed in the high dose males

and females was probably treatment related. As reported by

the previous reviewer and the registrant, the histologic and
biochemical changes indicate possible liver damage in males

at 2500 ppm. An outbreak of an inflammatory disease causing
orchitis in beagle colonies at that time may have contributed

to the unusually high level testicular lesions in the controls
and treated groups. K. Davis, D.V.M. (Tox. Br. pathologist)

of EPA examined the testes slides (see report of April 30,

1971) and concluded that "Certainly neither the degree or the
distribution indicate that testicular changes are related to
chemical ingestion." Data from the 2 year dog study on carbendazim,
a primary metabolite of benomyl, provide additional confirmatory
results for the absence of testicular effects at dietary

levels of at least 100 ppm carbendazim. There were no other
treatment related changes evident in this study.

Although the previous reviewer (WHO review) listed tne NOEL
as 100 ppm, the data supports a NOEL of 500 ppm and a LEL of
2500 ppm based on hepatic cirrhosis and clinical chemistry
alterations.
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CONCLUSION:
NOEL = 500 ppm

LEL = 2500 ppm based on biochemical and histological alterations

indicating liver damage as well as decreased weight gain and
food consumption.

CORE-CLASSIFICATION: minimum

Original review evaluated and addendum added by M.P.Copley, D.V.M.
Tox. Br.
9/19/85

%l ol

i
-




69 ‘D
Sectlon 6 , Tox. Branch (TS-769C) [f( G94679
Secondary revlewer: Jane Harris, Ph.D. 2?{‘* /010

Raviewed by: Marion P.Qp!ey. D.V.M,

Section 6 , Tox. Branch (T5-769C)

DATA EVALUATION REPORT

STUDY TYPE: Mutagenesis - mlicronucleus JOX. CHEM. NO.: 7¢
70

ACCESS1ON NUMBER: (GS0149-008)

TEST MATERIAL: MBC, Benomyl

JOURNAL ARTICLE: Mutation Research, 40 (1976) 339-348

TITLE OF REPORT: The mutagenicity of benzimidazole and
benzimidazole derivatives. Vi. Cytogenetic effects of
benzimtdazole derivatives In the bone marrow of the mouse and
the Chinese hamster.

AUTHOR(S): J.P.Seiler

REPORT ISSUED: 1976 -

CONCLUSION: author's conclusions for micronucleus formation:
MBC (mice) NOEL = 50 mg/kg
LEL = 100 mg/kg
Benomy! (mice) NOEL = 500 mg/kg
LEL = 1000 mg/kg
saerum concentration of MBC NOEL = 8 ug/! (as long as 24 hr)
LEL = 11.5 ug/! (ftor less than 6 hr)

Classification: incompiete because the above mentioned
conclusions could not be confirmed or rejected with the
available data.

MATERIALS: Benzimidazole, MBC, 2-benzimidazelylurea,
benzimadozolecarbamonitrit, 2-aminobenzimidazole, benomy!

Animals: ICR mice, 8 wk old, 25-30 gm

METHODS: Micronuclieus test: Material was administered by i.p.
(intraperitoneal) or be gavage (in 2% gum arabic) twice, 24

hr apart. The mice were sacrificed 30 hr after the first
treatment. - Bone marrow smears were prepared for micronucleus
and metaphase examination. See table | from the article for
treatment summary and resuits. Serum levels of {2- 4cimec
were measured at various times after single treatment with

the labelled compound. See table |V from the article for
treatment summary and results.

RESULTS and DISCUSSION: MBC, administered i.p. appeared to

be insoluble as evidenced by a mass of MBC in the peritoneal
cavity and constant serum levels regardless of dose or time
(see table 111)s There was an increase in micronuclei both
polychromatic and normochromatic. The author examined Chinese
hamster bone marrow smears after gavage administration of
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1000 mg/kg MBC for chromosome breakage. Due to negative
results, he concluded that the micronucleus formation was due
1o interference with the mitotic process rather than chromosome
breaks. He felt this was supported by an earlier onset of action
with MBC (micronucleus formation as early as 6-8 hr) than
with the known alkylator, trenimon (16 hr).

The author suggested there may be a threshold limit
(of 11.5 ug/1 MBC In the serum) for spindle Inhibition and
that MBC Is 10 times more potent for this effect than benomyl.
However, there Is no mention of number of repllicates or
animals/dose, no Indlcation as to sample varlatlion or whether
gum arablc was gliven to the control! group in table 1. The
. methods and results were presented in abbreviated and vague
terms. For the above reasons the authors conclusions could
not be confirmed or rejected with the avallable data.

1
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OUSE BONE MARROW AFPER TREATM

ICRO NUCLRATED ERVTHROCYTHS (ﬂﬂl& POLYCHR

-7'.
OMATIC FRYTIROCYTES) rao.
UNT WITH SEVENAL BENZIMIDAZOLE COMPOUNDS

Micrenueleaied Micronucieaied

smpount Fermula Applls Amount
aaifon ma/ks polychromatic acrmochromatie
. ayihroeyies srythrecyint
ennimt (X% 100 3 .8 e
sesle m 00 3 2.4
L P
* v
®e L. 500 " 1.8
N\)uu COOCH; po. 50 43 2.9
100 13.4% 68"~
_— 4 H goo 187 12.3
1000 388 182
3-Benrual ] (XY $00 [ X T 3.7
smolyNve Y NHCONH, 1000 163 80
N
"
Beastmida po. 500 LW ) 28
solecarbas \ )NNCN
monnsil N
)
2.Aming. N pe. 100 32 3.0
vennunic Hnry 800 4l 3
davole 1000 2.8 .8
Benemyl N, po. 300 4.2 3.0
N)"" COOCH, 1000 136~ 6
) » ._-
None tromrol) CONHC.H, - FYY 2.8 -,
TABLE IV

o148
{2-14CIMBC IN BLOOD SERUM OF MICX TREATED ORALLY OR INTRAPERITONEALLY (RADIO-

ACTIVITY COUNTS PER ML SERUM)

The speeifie antivity of e MBC suspennion wat 1.15 uClimg.

Treatment Amount
Time afier . 103
(mg/kg) trestment (8 ol “'cam
0. 100 4 ™
s 20 us -
500 3 a ;'
4 61 24.3° -
: 5 n
16 u 138
» 34 2% 1
° 100 4 20 .
s 19
1.8
is. 800 2 20 . .
4 19 b
¢ 20 .
. ) . a X
. 16 oy b
h a X
L]

o s o S @ e

. armmmare we W
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§evleued by: Marion P. Copley, D.V.M.

Sectlon 6 , Tox. Branch (TS-769C)
Secondary reviewer: Jane Harris, Ph.D.é?t// /°/41/£S'

004679
Section 6 , Tox. Branch (TS$-769C)

DATA EVALUATION REPORT

STUDY TYPE: Metabolism TOX. CHEM. NO.: 75A
ACCESSION NUMBER: 091561-F MRID NO.: 00066776

TEST MATER!AL: Beanomyl

STUDY NUMBER(S): none gliven

SPONSOR: E.!. DuPont De Nemours and Co., Inc.

TESTING FACILITY: not specifled

TITLE OF REPORT: Metabolism of Methyl 1-(Butylcarbamoyl)-
2-C~14*Benzimidazolecarbamate

AUTHOR(S): JA Gariner, H. Sherman, RW Reiser

REPORT ISSUED: not specified (19687)

CONCLUSION: The major urinary metabolites appear to be conjugates
' of 5-0H-MBC.

Classification: unacceptable , only | male rat was tested

MATERIALS: compound - Benomyl!, Methyl 1-(Butylcarbamoyl!l)-
Benzimidazolecarbamate with and without label
animals - rat, mate, ChR~-CD, 172 gm at start

METHODS: A single rat was treated with 2500 ppm unlabeled

benomyl in the food (1 % corn oi! was added). After 12 days
(weight of the rat was 264 gm) the rat was given 7.7 mg of
benomy!-2’4C by gavage and placed in a glass metabolism cage.

The system contained a trap for converting organic volatiles

to CO02 and a COp trap. Urine and feces were collected daily

for 72 hours. After 3 days, blood was drawn by cardiac puncture,
the animal sacrificed and the following tissues removed for

radiolabel analysis: brain, lungs, heart, liver, spleen,
kidney, testes, gastrointestinal tract muscle, fat and the
Carcasse.

RESULTS: The rat weighed 268 grams at sacrifice. Table 1
(from the report) indicates the percent of recovered radioactivity
in the various organs and excreta. At 72 hours less than 1%
remained in the carcass,with 86 % of recovered radicactivity

found in the urine and 13 § in the feces. TLC analysis of

the urine initially indicated 2 spots (1 major and 2 minor).

After enzyme hydrolysis however only 1 spot accounting for 80 %

of the radioactivity on the plate, remained. 1{ts Ry value

differered from the other three. This indicated that glucuronide

129
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and/or sulfate conjugates were excreted in the urine. Very
little, If any parent or MBC was present in the urina. The
spot had the same Ry as S-hydroxy-methyl-benzimidazolecarbamate
(5-0H-MBC). Its identity was conflirmed by mass spectroscoplic
analysis.

DISCUSSION: This study is limited because on!, one rat

{male) was tested using pretreatment. Females may have a
different metabolic pattern. Pretreatment may have resulited
in more rapid metabolism of the parent. This study would

need to be compared to single dose studies In order to develop
a clearer understanding of the metabollsm of benomyl.

130
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Data Evaluation Report (94579
Compound Benomyl (Benolate® 50WP) '
Citation _
<14 Cc-Benomyl (50% WP) absorption through rat skin
Part I1: Effect of time and dose, I.J. Belsco, Biochemicals

Dept, Research Div, Experimental Sta, E, I, du Pont de
Nemours & Co Inc, Nlimingtoniﬁpelaware. 19898, March 9, 1979,

v .
Reviewed by Robert T Tt Tin D EYIY

Pharmacologist

Core Classification Acceptable

Conclusion - .

enomy| was absorbed through the rat skin from Benolate
SOWP 1in small amounts in a nonlinear dose and duration
related manner, Percent absorption ranged from 0.031 (high
dose) to 3.518 (low dose) for the maximum exposure of
10_hours.

Materials .

[2- 14 C] Benomyl as 50% wettable powder (Benollate®
Fungicide)

Formulation #1 1.642 uCi/mg

Formulation #2 0,162 uCi/mg

Eighty male ChR-CD rats, 224 - 250 gm.

Methods

"Treatment Rates
~ (1) 0.2 mg l14c-Bendlate®/rat - Formulation 1
(2) 2 mg l4C-Benol#te®/rat - Formulation 1
(3) 20 mg l4Cc-Bend1ate®/rat - Formulation 2
(4) 200 mg l4c-BenMate®/rat - Formulation 2

Exposure time for each treatment was 0.5, 1, 2, 4 and 10
hours. four animals were used at each treatment level and
time interval.”

The back of each rat was clipped and the clipped area
washed with acetone 24 hours before treatment, Doses 1 and
2 were applied by syringe as water suspensions and doses 3
and 4 by spatula as a thin paste. Exposure area was 4 in2
(approximately 16% of the rat's surface area). Applied
material was spread with a Teflon® rod. ‘Application’
devices were counted for loss of dose. Rats were placed
in individual collection containers and urine and feces 132
collected sep@rately. Blood samples were taken from all
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animals at termination, All samples were assayed for total
benomyl.
In addition urine samples were assayed qualititively
for benomyl metabolites,
Results
Table A, Benomyl in the Blood., a) Mean equivalent
concentrations of benomyl (ppm or ug/mil), b) Mean quantity
(ug) assuming 6.4% blood volume. Data from tables 1, 2,
3, and 4 of the report.
Dose* Duration of exposure (hours)
mg/rat 0.5 1.0 . . 10
0.2 a 0.001 0.004 0,004 0,008 0,003 ¢ ¢ . /fad
b 0.016 0,064 0.064 0.041 0.0485,.3,
2.0 a 0.006 0,009 0,008 0,008 0,004
b 0.096 0,144 0,128 0,128 0,064
20 & 0.026 0,028 0.034 0,036 0.024
b 0.416 0.448 0.544 0.576 0.384
200 a 0.033 0.054 0.048 0.070 0.064
b 0.528 0.864 0.768 1.120 1,020
* Bendiate 50% WP
Table B Mean equivalent total amounts of benomyl in
the urine (ug). Data from tables 1, 2, 3, and 4 of the
report.
Dose* Duration of exposure (hours)
mg/rat 0.5 1.0 2.0 4.0 10
0.2 0.03  0.11  0.65  1.67  3.47 #g wmwint
(.030) (.110) (.650) (1.60) (3.470) ZAfdwrgu- /"
L S T
2.0 0.07 0. 1.05 3.27 4,85
(.008) (. 032) (.106) (.328) (.486)
20 0.23 0.67 3.29 4.03 9,27
(.002) (.006) (.032) (.040) (.092)
200 0.40 3.62 8.79 28.55 30,33
(.001) (.004) {(.008) (.028) (.030)

* Bendlate 50% WP

(percent of dose of active ingredient)

132
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Table C Mean equivalent total amounts (ug) and percent
of dose of benomyl in urine and blood, Sum of data from
tables A and B

Dose* Duration of exposure (hours)

mg/rat 0.5 1.0 2.0 4.0 10

0.2 ° 0.046 0.174 0.714 1.734 3.518 #
(0.046) (0.174) (0.714) (1.734) (3.518)aydee

2.0 0.166 0.454 1.178 3.398 4.914
(0.016) (0.045) (0.118) (0.340) (0.491)

20 0.645 1.108 3.924 4,606 9.624
(0.006) (0.011) (0.039) (0.046) (0.096)

200 0.928 4.484 9. 549 28.670  31.359
(0.001) (0.004) R , (0. 2’9) (o.gl)

* Benolate 50% WP 59

(percent of dose of active 1ngre ent)

*Thin-layer chromatographic analysis of an extract of
the composite urine from the 2 and 200 mg treatments for 10
hours revealed the presence of 5-HBC as the major benomy!
metabolite with a lesser amount of MBC as shown {n radio
scan and autoradiogram. ---- No 4-HBC was detected in these
samples.”

Discussion

This study does not provide data on the amount of
compound which nav have been retained in the rat at
termination of a particular exposure. However, the Gardiner
et, al (1968) study of benomyl metabolism in the rat provides
information 1ndicating that any retained material would be
insignificant, Following a single oral dose of 29 maékg
(7.7 mg/rat) the post absorption phase equlibrium tl
has been graphically determined to be 10.5. Under the
circumstances of this dermal absorption study such a half-
time should not lead to significant Lfoaccumulation of the
compound., The dermal absorption generated in this study may
be used for evaluating dermal exposure/dose of benomyl.

Quantity and percent of each dose that was absorbed
increased with duration of exposure but the increase was
not linear with time, For example, a ten fold increase in
duration of exposure, from 1 to 10 hours, resulted in
20.6, 11.0, 8.8 and 7.0 fold increases in the gquantities
absorbed per respective dose, A five fold increase in
duration of exposure, from 2 to 10 hours, resulted in
4.6, 4.2, 2.5 and 3.2 fold increases in the quantities
absarbed per respective dose. 1.34
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For each unit time of exposure the quantity of materfal
absorbed increased with increasing dose but the percent of
the dose absorbed decreased with increasing dose, This
relationship was also not linear.

These dose/time relationships are expected with the
majority of compounds which are absorbed through the skin,

Reference

Gardiner, J.A., Sherman, H, & Reiser, R.M. (19687) Metabolism
of Methyl l-(Butylcarbamoyl)-2-C-14* Benzimidazolecarbamate
in the Rat, E,I. du Pont,
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4 by: Marion P. Copley u@aV.M. 79 )
6 , Tox. Branch (Ts-7¢

ry reviewer: Jane Harris, Ph.D. A O
6 . Tox. Branch (Ts-769C) LJd5

DATA EVALUATION REPORT

STUDY TYPE: TOX. CHEM. NO.: 75&
1) Teratology - mouse - gavage

2) Teratology - rat - gavage

3) Teratology - rat - dietary

4) Postnatal - rat - gavage (dams)

ACCESSION NUMBER: (GS0119-017)

TEST MATERIAL: Benomyl

OURNAL ARTICLE: Toxicology and Applied Pharmacology 62,44-54(1982)
(HERL - USEPA: 1/11/80)

TITLE OF REPORT: Teratogenic effects of benamyl in the Wistar rat
and CD~1 mouse, with emphasis on the route af administration

AUTHOR(S): RJ Kavlock, N €hernoft, LE Gray,Jr., JA Gray, and
D whitehouse

REPORT ISSUED:s 1982

CONCLUSIONS
1) Teratology - mouse - gavage
teratogenic NUEL = 50 mg/kg
LEL = 100 mg/kg (supra occipital scars, subno:mal
vertebral centrum, supernumerary ribs and cleft palate)

CORE~CLASSIFICATION: minimal

2) Teratology - rat - gavage
teratogenic NOEL = 31.2/mg/kg
LEL = 62.5 mg/kg (microphthalmia and increased fetal
mortality, reduced fetal weight)

OORE-~CLASSIFICATION: minimal

3) Teratology - rat - dietary
teratogenic NOEL > 500 mg/kg (HDT) (approx. 6760 ppm*)
toxic. NOEL = 169 mg/kg (approx. 1690 ppm*)
LEL = 298 mg/kg (approx. 3380 ppm*){weight decrease in fetuses)

CORE-CLASSIFICATION: minimal

A\
4) Postnatal - rat - gavage (dams) }“‘\\U l\\\T
tetotoxic NOEL = M mg/kg 56
tetotoxic LEL = mg/kg (decreased weight of testes, ventral
prostate, and vesxcl&s)

CORE~CLASSIFICATION: surplementary

SEE ATTACHED ARTICLE

*time weighted averages for dietary concentration

AP
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Reviewed by: Dynamac ﬁ. Wennerberg, W. MclLellan, 1,C. Felkner ()J"lb“)
' Secondary reviewers: Marion P. Copley, D.V.M.jbﬁzJ? Vvl
Jane Harrlis, PhD, Section H adD %H C/)«//e(

Sectlion 6 , Tox. Branch (TS=-769C)

DATA EVALUATION REPORT

STUDY TYPE: Oncogenicity - mlce TOX. CHEM. NO.: 75A
ACCESSION NUMBER: 246948A, 246949,246950 MRID NO.: 00096514

TEST MATERIAL: Benomyl

SYNONYMS: Methyl-1l-(butylcarbamoyl)-2-benzimidazolecarbamate

STUDY NUMBER: Haskell No. 20-80

SPONSOR: E. {. du Pont de Nemours and Company

TESTING FACILITY: Haskell Lab. for Toxlicology and Industrial

Medicline, Newark, Del.

TITLE OF REPORT: Long~-term feeding study with Methyl-1~
(butylcarbamoyl)=-2-benzimidazolecarbamate (INT=-1991, Benomy!,
Benlate®) in mica.

AUTHOR(S): P.W. Schnelder, Jr., B.E. Wiechman, T. Dilworth; et al.

REPORT ISSUED: Jan. 26, 1982

CONCLUSION: NOEL for carcinogenicity < 500 ppm (LDT)
Carcinogenic at 500 ppm (LDT):
hepatocellular adenoma and carcinoma in males and fer
pulmonary alveologenic carcinomas in males
Degenerative changes in the testes and epididymides
at 5000-7500 ppm (HDT)

Classification: Core-minimum

MATERIALS: Benomyl!, 99-99.2% pure, lot #s INT-1991-366, INT-1991-4:
grey crystalline material.,

SEE ATTACHED REVIEW
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Project Scientist
Dynamac Corporation

William L. McLellan, Ph.D.
Senior Scientist
Dynamac Corporation

I. Cec1l Felkner, Ph.D.
Program Manager
Dynamac Corporation

APPROVED BY:

Marion Copley, D.V.M., M.S.
EPA Scientist

Jane Harris, Ph.D.
EPA Section Head

P

) - ,
70,
Signature: él%@“/
Date: A~/ -7';?—(‘:

Signature: Lﬁ Q&I 3‘5_&_‘ !.nm E—ﬂ
Date: -17-§$

Signature: A &‘;a Z%ﬂ
Date: _ b-[7-£S

Stignature: ';’/Zi_fm@ﬁé_
D

Date: < o~
7/

Signature: j;ﬂn«x £ 3 A e,
Date: & /}/»/ /fr

144




DATA EVALUATION RECORD

GJ4679

STUDY TYPE: Oncogenicity in mice,

CITATION: Schnefider, P.W., Jr.; Wiechman, B.E.; Dilworth, T.; et al,
Long-term feeding study with methyl 1-(butylcarbamoyl)-2-benzimidazole-
carbamate, (INT-1991, Benomyl, Benlate®) in mice. (Unpublished study,
Report No. 20-82 by Haskell Laboratory for E.I. Du Pont De Nemours & Co.,
Inc., Wilmington, DE; dated January 26, 1982.)

ACCESSION NUMBER: 246948-A, 246949, 246950,

MRID NUMBER: 00096514,

LABORATORY: Haskell Laboratory for Toxicology and Industrial Medicine,
Elkton Road, Newark, Delaware 18711.

: Chronalogical sunmr& present and signed but
not dated.

JEST MATERIAL: Methyl-1-(butylcarbamoyl)-2-benzimidazolecarbamate was
suppiied in two lots (INT-1991-366 and INT-1991-414) as a grey crystalline
material which was stated to be 99% and 99.2% pure, respectively. It was
used to prepare test dists from 8-29-78 to 9-9-80. Throughout the study,
INT-1991 was refrigerated until used.

PROCEDURES:

1. Three hundred and twenty male and 320 female 4 week old CD®-1 mice
were used from Charles River B8reeding Laboratories, Wilmington,
Massachusetts. After a thirteen day acclimation period, they were
divided using computerized stratification to randomize by sex into
four groups of 80 animals per sex, each group having approximately
equal mean body weights. The mice were caged 1individually in
stainless steel wire-mesh cages.

2. Diets were freshly prepared each week and stored under refrigeration
until used. Ground Purina Laboratory Chow diet was mixed with test
compound 1in corn oil to achieve the following concentrations: O,
500 ppm, 1,500 ppm, 7,500 ppm. After 37 weeks on the diet, the
highest concentration, 7,500 ppm, was reduced to 5,000 ppm. All diets
contained 1% (w/w) Mazola® Corn 011. Throughout the study, all mice
received the appropriate test diet and tapwater ad libitum. Samples

2 145




@ ®
(94879

of diet containing test material were collected for analysis during
the following times: 1) at the time of preparation; 2) after storage
at room temperature for 24 hours and 7 days; 3) after storage under
refrigeration for 7 days. These samples were collected four times
during the study and analyses showed no degradation of test compound.
Data for test diet homogeneity were not presented.

A1l mice were examined datly for clinical signs of toxicity and
palpated at least once every two weeks for tissue masses. Mice were
weighed weekly (weeks 1-26), biweekly (weeks 26~52) and monthly (weeks
§2-104). Recorded during the same times were body welight gains, food
consumption, food efficiency and {intake of test compound. Mortality
was also recorded, ’

Ten mice per sex, per group had hematological examinations at intervals
of approximately 1, 3, 6, 12, 18, and 24 months after the start of the
study. The following parameters were examined: RBC, WBC, and dif-
ferential WBC counts, hemoglobin, hematocrit, total plasma protein,
MCV, MCH, and MCHC. B8lood smears were prepared from all surviving
mice at study termination.

Gross necropsy was performed on all mice used in the study regardless
of time of death. Organ weights and relative organ weights (per final
body weights) were obtained from all animals at terminal sacrifice for
the following organs: brain, heart, lungs, liver (with gallbladder),
spleen, kidneys (with adrenals attached), testes (with epididymides),
ard thymus. A1l Guideline-required organs except the rectum were
examined histologically by “conventional methods."

The following statistical procedures were performed by the study
authors: body weight and organ weight data were analyzed by one-way
ANOVA. Hematological data were analyzed by crossed and tested ANOVA.
The least significant difference or Dunnett's test was used to analyze
differences between ¢treatment groups. Survival was subjected to
Kaplan Meier methods!. Comparisons of survival distributions and
tumor incidences were analyzed by the HMantel-Haenszel method<.
Comparisons of absolute proportion of survival and incidences of
tumors and clinical observations were analyzed by Fisher's Exact
test. Dose responses in tumor incidence were analyzed by the chi-
square test for trends. The level of statistical significance was
p < 0.05.

Kaplan, F.L., and Meier, P. 1958. Nonparametric estimation for
incomplete observations, Journal of the American Statistical Asso-
ciation, vol. 53, 457-481. (reference not presented by authors)

Mantel, N. and Haenszel, W. 1959. Statistical aspects of the
analysis of data from retrospective studies of disease, Journal of
the National Cancer Institute, Vol. 22, No. 4, 719-748. (reference
not presented by authors)
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Unless otherwise noted, the word “significant® in this review has
statistical connotations (p < 0.05).

RESULTS:
Clinicsl Observations and Mortality: WMo clinical observations in any

trestment group were reported to be significantly different from controils.
Individual and summary data showed that there was no increase in the
number of treated animals with palpable masses as compared to controls.

299,2 yﬂigg; gg% Fg$g Consumption: Table 1 presents mean body weight data
or male and female mice at selected 1intervals during the study. Both
male and female high-dose mice showed a significant reduction in mean body
weight throughout the course of the study. The mid-dose groups showed a
significant reduction in mean weights at 60% of the weighing intervals for
males (32/53) and 40% for the females (21/53) when compared to controls.
There were only 2 instances of significant weight reduction in both male
and female low-dose groups. Mean body weight gains showed significant
decreases from controls in about 50% of the mid- and high-dose male
weights and about 25% of the mid- and high-dose female weights. Food
consumption was slightly decreased in males and females at the mid- and
high-dose groups compared to controls; however, statistical analyses of
the data were not provided and could not be validated by our reviewers
without individual data.

Hematoloqy: According to the report, there were no dose-related altera-
tions in hematologic parameters. Mean hematocrit, erythrocyte count, and
hemoglobin concentration were slightly but significantly lower in mid-dose
males than in controls from months 3-24. A very slight but significant
decrease in erythrocyte count and increase in mean corpuscular volume and
mean corpuscular hemoglobin concentration observed from months 3 to 24 in
females receiving the high dose of benomyl were not considered compound
related when compared with controls. Mid-dose females also showed a
significant increase 1in the mean corpuscular volume and a significant
decrease in the mean corpuscuiar hemoglobin concentration.

i : There were significant increases in mean liver weight in
mid-dose males and in Jliver-to-body weight ratios in mid- and high-dose
males and in high-dose females when compared to controls (see Table 2).
Brain-to-body weight ratios were significantly increased in low- and high-
dose males and in high-dose females. Mean testes weight was significantly
lower in high-dose males than in controls and kidney weights were signifi-
cantly lower in high-dose females than in controls. Thymus weights were
decreased in all dosed males when compared to controls. The increased
l1iver weights and decreased testes weights were correlated with histo-
pathological changes, and considered of biological significance by the
authors. The other changes in organ weights were considered to be of
equivocal biological significance in the absence of a dose-related trend
and histopathological changes.
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TABLE 1. Mean Body Welights of Mice Fed Benomyl for 104 Weeks
At Selected Time Intervals.

M
Week
Group/Dose 0 13 56 80 104
(ppm)
Males
0 26.6 38.2 47.) 41.17 43.5
00 26.6 38.9 47.6 46.6 42.5
1500 26.6 37.3% “45.7 45.6 41.2*
5000-7500% 26.5 34.4% 42.3* 42.4% 39.7*
Females
0 21.0 30.3 37.8 - 38.9 36.5
500 21.0 30.3 37.2 38.0 34.90
1500 1.0 30.1 36.8 36.6" 35.1
5000-75002 21.0 27.9% 33.4* 34 3> 33.4*

« ‘
Significantly different from controls value (p < 0.05) when analyzed by
ANOVA by study authors.

a Reduced from 7500 to 5000 ppm after week 37.
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Gross Pathology: Individual animal gross necropsy findings were reported
but summary data with statistical analysis were not provided nor were the
‘gross findings discussed by the authors.

u%mm: Significant Incidences of non-tumor histopathological
changes are presented in Table 3. Tissues of dosed animals showing
significantly increased incidence of 1lesions as compared to controls
were: thymus in males at 5,000 ppm (atrophy), thymus in females at
1,500 ppm (cysts), liver in males at 5,000 ppm (5 parameters showing
hepatocellular alteration), spleen in females at 5,000 ppm (hemosiderosis),
trachea in females at 1,500 and 5,000 ppm (lymphocytic infiltrates in the
submucosa), testes in males at 500 and 5,000 ppm (atrophy and tubule
degeneration), epididymides in males at 5,000 ppm (aspermia), prostate in
males at 5,000 ppm (focal distended acint), thyroid in males at 500 and
5,000 ppm (distended colloid follicles), and nasal cavity in males at
5,000 ppm (interstitial fibrosis and amyloidesis).

Significant incidences of neoplastic changes are presented in Table 4. In
the males, the 1incidences of hepatocellular carcinomas, combined hepatc-
cellylar adenomas and carcinomas, and pulmonary alveologenic carcinomas in
the 500 and 1,500 ppm groups were significantly higher than controls. In
the females, the {incidences of hepatocellular carcinomas in the 500 and
5,000 ppm groups and combined adenomas and carcinomas in the 1,500 and
5,000 ppm groups were significantly higher than controls. The same five
parameters showed a significant trend (p < 0.05) when analyzed by our
reviewers using the Cochran-Armitage Trend test.

The mean-time-to-, and median-day-of-tumor discovery were stated by the
study authors not to be significantly different between trested and
control groups. Individual animal data (in the form of time to death with
tumors present) were provided.

DISCUSSION:

The authors concluded that benomyl, fed at a minimum of 500 ppm, produced
a significant (ncrease 1In hepatocellular carcinomas in male and female
mice. There was a significant dose response to treatment in females for
hepatocellular carcinomas and combined hepatocellular neoplasms. Our
review of the study substantiated these concluslons; however, several
conclusions were not supported.

when we reanalyzed the data, we found several significant compound or
treatment effects that were not discussed by the authors. There was 2
significant dose-related trend in the incidence of male pulmonary alveolo-
genic carcinomas, hepatocellular carcinomas, and combined hepatocellular
neoplasms in males. There was also a significant histopathological dose-
response effect in male epididymides and thyroid. wWhen the mean-time-to,
and median-days-of-death, with lung alveolar cell carcinomas present, were
analyzed by these reviewers using Kruskal-Wallis ANOVA, p < 0.05, all male
treated groups were significantly lower than control (Table 5).
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TABLE 3. Selected® [ncidences of Non-weoplastic Histopathologic
testont in Mice Feg Benomyl for 104 wWeexs

Doie Level (oom)
Mle Lenale
’ $000- 5000~
Tissue 0 500 1500 15000 0 500 1500 1500
Thysus (58)¢ (40) {39) (48) {$2) {62) (52) (31)]
~atrophy ? [} 2 12 [}
~cyst ? 4 9 ?
Liver (M (80) (§l)] (80)
«toct of hepatocelluler
alterstion 3 H ”
«karyomegaly and cytome-
qely $ 12 Fibd
-foct aof ceroid, micro-
qrénylosa N % bH e
=foct of hepetocelluler
ballooning, degeneration 0 1 0 [
~lymphocytic foci/inflam-
satory infiltrates i 48 [} 2
%leen (16) (&) (19) (1)
-hemotiderosis ] S 6 1*
traches (m (1) (18) m
-lymphocytic tafiltrates,
Jybmycota 0 0 1® [ 4
Testes (18) (1) {19 {(19)
~aggenerated semini- .
“erous tubules 10 19 % 21
ative semintferous
tubule degeneration ? [ RA 10 1y
-etrophy 12 12 8 N
-tnterstittal cell
hyperplasta 4 4 1 1g»
fotdidymides (19) (18) () (1%
-aspermis ] 1 12 30"
-distended tubules/
tubules f1lled with
degenerated sperm 9 H n 11¢
Progtate %k} (1) 78) (m
-distendedq acini, focal 1 0 [] I
Thyroid (85) (74) (1) (m
-distended collotd
follicles ) 13* [} 18#®
Resal cavity (12) (68) (m) (69
-interstitial fidrosis
and amylotdgosis 1 ] 2 b

4 (%) Significantly different from control value
5 1500 ppm changed to 5000 ppm after week 37,

C No. of animals examined.

(p < 0.05) when snalyzed by study authors.

4 no data entry signifies a non-significant finding.
€ Significant trend (p < 0.05) ysing Cochran - Armitage trend test by our reviewers.

O
ol



. 004675
B . ’,
TABLE 4. Selected® Incidences of Neoplasams in Mice Fed
Benomy! for 104 Weeks
Dose Level (ppm)
_Mele Fernale
5000-
Tissue 0 500 1500 0 500 1500 7500
Liver (ne (80) (79 an (80) (79) n
~hepatoce! lular adenoma 9 9 1" 2 2 7 7
=hepatocellular ;
carcinoms 16 6% 41* 2 A 6 140d
~combined adenomes and
carcinomas b3 350 520 4 9 130 21ed
Lung (79 (79 a9 an 79 (78) (78)
-alveologenic carcinome 3 4% 23 16 7 4 6
8 (%) Significantly different from control value (p < 0.05) when aneiyzed by study authors.
bmmchnmdfom»mafhrmk)?. .
€ No. of animels examined.
d Significent trend (p < 0.05) using Cochran-Armitage Trend test by our reviewers.
T
oF
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TABLE 5. Mean-Time-to, and Median-Day-of Death, When Lung
Alveolar Cell Carcinomas were Present in
Rats Fed Benomyl for 104 Weeks

Days
Dose
{ppm) Male Female
0 736.89 §74.0
21.4 101.9
743 140
500 665, 4% 674.4
_ 94.1 . 846
728 75
1500 688.9% 9.5
96.6 33.0 -
741 136
5000-75000 702.2% A 730.7
54.9 1.3
139 : 137

aUpper valye is the mean, the middle value is the standard deviation, the
bottom value is the median-day-of-death.

b7500 ppm changed to 5000 ppm after week 37.

* Significantly different from control (p < 0.05) when analyzed by these
reviewers using Kruskal-wallis ANOVA.
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The mean weight gain over the course of the study was significantly de-
creased for mid- and high-dose males (14.3 and 13.3 g, respectively as
compared to 17.1 g for controls) and high~dose females (12.5 g as compared
to 15.5 g for controls), when analyzed by ANCOVA, p < 0.05. Statistical
analyses for mean daily food consumption, food efficiency and daily intake
of benomyl were not reported and individual animal data were not available,
hence, these data could not be statistically analyzed by our reviewers.
The summary data provided by the authors showed either no change from
controls or a slight compound-related decrease. The latter was especially
true for the high-dose female daily mean food consumption with a lesser
decrease for high-dose male daily mean food consumption.

The administration of test compound caused no statistically significant
increase in mortality in dosed animals when compared to controls at 78,
91, and 103 weeks of the study. At terminal sacrifice (105-106 weeks),
the mid-dose female group had significantly fewer animals alive (23 (29%)
vs 33 (41%) for control), but the low- and high-dose qroups equaled the
control value. The total number per group per sex for “found dead® or
*moribund sacrifice" were not significantly different from controls except
for the female mice found dead. The low-, mid-, and high-dose values were
significantly greater (10/80, 12/80, and 11/80 respectively), than the
control (2/80) when we analyzed the data using the Fisher exact test.

The authors stated that the hematologic changes were not of biological
significance. However, the authors used & method of statistical analysis
of the hemotological data that they did not adequately describe; therefore,
the analyses could not be reproduced. The findings by the study authors
however, allow a clinical diagnosis of toxicological importance when the
authors' following significant findings are combined in the high-dose
(5,000 ppm) females: 1) hemosiderosis in the spleen, 2) decreased red
blood cell counts, 3) increased mean corpuscular volume, 4) increased mean
corpuscular hemoglobin, 5) hepatocellular alterations (neoplasms). This
information is indicative of regenerative hemolytic anemia. Using the
more traditionally employed methods (Bartlett's test for homogeneous
variance followed by ANOVA or Kruskal-wWallis test depending on whether a
parametric or non-parametric test was appropriate) we found that the only
significant hemotological parameter to change from controls was mean
corpuscular hemoglobin values in the high-dose females.

The majority of the significant non-tumorous histopathological observations
were not considered by the author to be compound related. Our assessment
is that several of the changes are commonly seen in aged rats, however,
the occurrence in only the high-dose group may imply a compound-related
effect,

There were two reporting deficiencies. The clinical observation summary
table provided for alopecia/dermatitis (the most prominent observation)
was slightly under-reported when compared with the individual animal data.
When we reanalyzed this data, none of these parameters were found to be
significantly different from controls.




when we summarized and statistically analyzed individual animsl necropsy
data, no compound~related effect was seen with respect to the number of
masses or nodules when treated groups were compared to controls. The
number of masses seen at gross necropsy were about 30% of the number seen

histologically.

OQur criticisms of this study do not alter the general conclusions of the
authors that under the study conditions, benomyl was carcinogenic at the
lowest dose tested. There were no additional major deficiencies in the

study.

CONCLUSIONS:

Under the conditions of this study, benomyl fed at a minimum of 500 ppm
was carcinogenic in the liver and lung of CD-1 mice. Hepatocellular
carcinomas were {induced in both males (low and mid doses) and females (low
and high doses). The combined incidence of hepatocellular adenomas and
carcinomas were statistically increased in the mid- and high-dose females.
Pulmonary alveologenic carcinomas were induced in males at the low and mid
dose. The testes and epididymides showed degenerative changes at the
highest dose tested.

CORE CLASSIFICATION: Minimum.

004679
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STUDY TYPE: 90 day feeding study ~ Dogs TOX, CHEM, NO.: T79C

HASKELL LAB. REPORT NUMBER: 283-70 FICHE/MASTER: 00099130
MR NO.: 1270

SPONSOR: E. I. du Pont de Nemours and Company

STUDIES PERFORMED AT: Haskell Lab. for Toxicology and Industrial
Medicine, Wilmington, Del.

AUTHORS: H. Sherman, K.S. Carrol, C.W.Eddy

DATE REPORT SUBMITTED: 1970

TEST MATERIAL: 2-benzimidazolecarbamic acid, methyl ester;
50 % wettable powder (53% tech.), (metabolite of Benomyl)

SYNONYMS: MBC
INE-965

MATERIAL AND METHODS: One yea:r old beagle dogs were given food

und vater ad libitum (between 4 pm-7 am), observed daily for behavior
and weighed weekly for a month prior to test initiation. During

this period, blood and urine samples were checked for the parameters
listed in the lab. test section. Four males and L4 females were
randomly assigned to each of the following treatment groups:

Group Treatment (based on %a.i.)
Control (1) food
Low dose {II)(LDT) food 100 ppm MBC (.01 %)
Mid dose (IIX)(MDT) food 500 ppm MBC (.05 %)

High dose (IV)(HDT)  food 1500 ppm MBC (.15 %)%*
#%#lowared from 2500 ppm due to weight loss

Diets were prepared wcekly. The HDT group was gradually given
increasing amounts of MBC using the following schedule: 500 ppm -
3 days; 1CO0 ppm - 2 aays; 1500 ppm - 2 days; 2500 ppm for a short
time before the dose was lowered to 1500 ppm (week 3) due to decrease:
food consuumptior and welght loss.
Observations - Animals were observed daily for toxic signs, mortality
and behavior throughout the study.
Body weight and Food consumption - Animals were weighed and food
consumption measured weekly.
Laboratory tests - The following tests were done three times during
the pretest period and again after 30, 60 and 90 days of treatment.
Hematology ~ red blood cell count, white blood cell counts
total and differential), hemoglobin cone. and
hematocrit.
Urinalysis - Urine vol. (24 hr), osmolality, protein, sugar,
acetone, bilirubin, appearance, color, pH, presence of
occult blood and microscopic examination for sediment.
Clinical chemistries - Glucose, urea nitrogen, cholesterol,

alkaline phosphatase (AP), glutamic-pyruvic transaminase
activity (GPT), total protein and albumin/globulin (A/G) rat1$36
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Sacrifice - All dogs were euthanized by electrocution after 90-105
days of continuous feeding and were examined for gross and microscop
changes. Tissues were fixed in Bouin's solution and stained with
Haskell quadrichrome. The following organs were removed for weight,
fixation and staining: brain, heart, lungs, liver, spleen, pancreas,
kidney, testis, prostate, stomach, thyroid, adrenal, thymus and
pituitary. The following additional tissues were removed for
fixation and staining: ovary, epididymis, Fallopian tubes, uterus,
urinary bladder, duodenum, ileum, jejunum, cecum, colon, rectum,
muscle, sciatic nerve, bone marrow, eye, aorta, mammary gland,

gall bladder, spinal cord, trache, salivary gland, lymph node and
skin., All tissues in the control and HDT were examined micro-~
scopically however only the liver, kidney and testes were examined
at the LDT and MDT.

RESULTS: All animals survived the treatment period. Body weight
In the high dose males decreased about 6.8% while all other groups,
male and female, gained weight similar to the controls. Food
consumption was decreased when the MRC was 2500 ppm, however it
returned to control values after the level was lowered to 1500 ppm.
The ave. daily dose in mg/kg of MBC received by the dogs was:

males females

100 ppm 2.7 2.7

500 ppm 14.4 11.3
1500/2500 ppm 40,7 35.0

There were no treatment related clinical signs or changes in
hematologic or urinalysis parameters. ,CIIn?cal chemistry -

AP and GPT were elevated in the HDT males. Albumin was decreased
in HDT males and females. Cholesterol appeared elevated at the mid
and high levels in males and females.

Treatment level (ppm)

0 100 500 1500
AP {males) 1.0 1.3 1.3 3.5
GPT (males) 14 15 15 78
Alb (males) 3.01 3.12 3.00 2.66
" (females) 3.45 3.35 3.25 2.88
Chol. (males) 136 140 175 189
* (females) 166 147 195 208

Testes wt. (gm) .0018 .0018 .0017 .0015

There were no treatment related changes in the other clinical
chemistry tests. Organ weights - The testes appeared lighter in
the high dose dogs (see above table). No other changes were
observed. Gross pathology and microscopic pathology - 1 HDT male
(#948) and 1 HDT female (#1019) had evidence of hepatic cirrhosis
with hepatic cell necrosis, tubular collapse and increased fibrous
connective tissue around the triads. One of the HDT males also had
diffuse testicular degeneration,
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DISCUSSION: Toxic signs included weight loss in the HDT males,
decreased food consumption only at 1500/2500 ppm, alteration
in liver function tests in the: HDT males - AP (incr.),GPT
{incr.); HDT males and females - Alb. (decr.); MDT, HDT
males and females - Chol. (incr.). The elevated AP and GPT
were altered in only 1 (#948) of the four male HDT animals
which also had advanced hepatic cirrhosis. These changes as
well as the increased Chol, in the mid and high dose dogs
{male and female) indicate, as the registrant suggests,

liver injury probably due to treatment. Testes weights were
decreased in 3 out of the 4 HDT males with one of these dogs
having mild diffuse testicular degeneration, also suggestive
of a treatment related effect. The registrant considered
this degeneration reversible but provided no evidence for
this conclusion. HDT Males appeared to be more sensitive to
treatment with MBC however, this may be a result of receiving
about 14 % more MBC per kg body weight than the HDT females.

CONCLUSION: NOEL 500 ppm (.05 %) (14 mg/kg)

LEL 1500 ppm (.15 %) (41 mg/kg), toxicity
consisted of increased alkaline phosphatase, cholesterol and
GPT. The target organs demonstrated by histopathological
‘changes at the high dose in 1 out of 4 males appeared to be
liver and testes, This is consistent with lesions observed
with Benomyl (the parent compound).

CORE~CLASSIFICATION: minimum

Reviewed by M.P.Copley, D.V.M.
Tox. BR.
9/19/85
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STUDY TYPr: Acute Neurotoxicity-Hens TOX. CHEM. NO.: 79C

HASKELL LAR, REPORT NUMBER: HLO 2879 ACCRSSION NO: 241931

IRDC No.: 125-029 (study 1)
125-028 (study 2)

SPONSOR: £. I. du Pont de Nemours and Company

STUDIES PERFORMED AT: International Research and Development
Corporation, Mattawan, Michigan

AUTHORS: E.I. Goldenthal
DATE REPORT SUBMITTED: 4/13/78 (original), 6/5/78 (addendum)

TEST MATERIAL: 2-benzimidazolecarbamic acid, methyl ester (99.3 ¢
Tech., % a.l. not given) (metabolite of Renomyl)

SYNONYMS: MRC
INE-GARS

MATERIAL AND METHONS: Fasted White Leghorn hens (110R-2254 gm, A~
14 months old) were given by gavage, single doses of the following
test materials in 20 ml corn oil/kg:

¢ treated?®
Compound Dose (mg/kg) |Study 1|Study 2 {Mortality
0(vehical cont.) 0 10 10 0
TOTP{pos. cont,) 750 10 10 0
MRC 500 10 1
" 2500 10 n
s 5000 10 2(day 3)

TOTP - tri-o-tolyl phosphate
*Study 1 was initiated 3 weeks prior to study 2,

They were individually housed in environmentally controlled rooms

and given water and food ad libitum. After treatment they were
observed daily for pharmacotoxic signs including neurotoxicity and
weighed pretest and weeks 1, 2, 3 and 4, All hens were necropsied an-
examined grossly. Microscopic examination was performed on selected
nerve tissue from spinal cord (3 levels) and the sciatic nerve,

RESULTS AND DISCUSSION: Two of the 10 high dose MBC treated (500N
mg/kg) hens died on day 3. The deaths were considered to be the
consequence of acute toxicity of MRC. The 1 LDT death was due to
accidental injury. BRody weight in the TOTP and 5000 mg/kg groups
decreased 8-11% from pretest values while there was no significant
change for the other groups.

: : 15%
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Signs of toxicity are as follows:

Dose (mg/kg) Sign(s) Study 1 study 2
0 (cont. sl. ataxia 1/10 (days 15-16)
TOTP salivation 5/10 (days 2=3) L/10 (days 2.3)

leg weakneas, ataxia
and/or goose step. 10/10 {(days 7-28) 9/10 (days 7-28)

500 MBC salivation 1/10 (day 2)
2500 MBC salivation 1/10 (day 2)
5000 MBC salivation, sl ataxiu%2/10 (day 2)

leg wveakness 8/10 (1-8 days)
* both of these died

Although MBC treuted hens showed some neurotoxicity at 5000 mg/kg,
only the TOTP treated hens showed symptoms of delayed neurotoxicity.
The neurotoxic behuvioral symptoms displayed early in the 5000 mg/kg
MBC treated hens were attrihuted to acute toxic effects of the
chemical. Hens treated with mid and low doses of MBC (2500 mg/kg
and 500 mg/kg, respectively) appeared normal except for some
salivation. No treatment related gross pathological effects vere
seen at sacrifice in the MBC treated hens., There were perivascular
lymphoid infiltrates {cerviecal, thoracic and lumbar cord segnents)
present in all groups. Axonal degeneration and demyelination were
not present in either the vehicle controls or MBC treated hens.
Microscopic examination of spinal cord and sciatic nerves shoved a
spectrum of {(expected) rositive findings characteristic of TOTP
treatment in the TOTP treated hens.

CONCLUSION: MBC does not appear to have delayed neurotoxic potential

NOEL for other neurotoxic signs: 2500 mg/kg

CORE~CLASSIFICATION: guideline

Revieved by M.P.Copley, D.V.M.
. TOX. BR.

9/19/85
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STUDY TYPE: Two-year Feeding study-Rat TOX. CHFM, NO,: 79C
HASKFLL 1LAR, RFPORT NNt 195=72 FICHR/MASTER: NNNARIIS
MR NO.: 1149 o ACCESSION NO,: 232870~

232871
SPONSOR: F., I. du Pont de Nemours and Company

STUDIFS PFRFORMED AT: Haskell Lab, for Toxicology and TIndustrial
Medicine, Wilmington, Nel.

AUTHORS: H.Sherman, S.,R.Fritz, L.S.wasileski

DATFE REPORT SURMITTFRD: 1972

TEST MATERIAL: 2-henzimidazolecarhamic acid, methyl ester (50 or
% a,i., 53 or 72.2 % Tech,) (metaholite of Renomyl)

SYNONYMS: MRC
INE=9A5

MATFRTAL AND MFTHNANS: Male and female alhino Charles River-ch
strain rats were housed in pairs (hy sex) and given fond and water
ad libitum, After a 12 day observation period (at 33 days of age)
Realthy rats were divided into groups based on equal average weight,
The test compound was then added to the diet by the following scheme
for either 1 or 2 years (see necropsy method):

Group no., male no. female PPM (2a.i.)

group 1 36 36 0 (0)

group la 1A 36 n (0)

group 11 36 36 100 (.014)

group III 36 3A SN0 (,05%)

group IV 36 3A *2500 (,25%) = 10,000 (1.0 %)
roup V 20 20 ** 5000 (. 50%)

* evel raised to ,75% at 1R weeks and again to 1.0% two weeks later
*%* gtarted treatment 3 weeks later (33 weeks of age) without
preliminary hematology

Observations: .Animals were ohserved and examined regularly (interva:
not specified) for behavioral and toxicological abnormalities.
Food Consumption and Weight: Animals were weighed once/week for 12
months than twice/month for the remainder of the study. Food
consumption was monitored for the same intervals by sex and group
(except group V).
Laboratory Studies: Hematology - Ten randomly selected rats/sex
from groups I, Ia, and IV were tested at pretest (h/sex/qroup), 1,
3, 6, 9, 12, 18 and 24 months for hematocrit (HCT), hemoglobin
(Hg), RRC count, WRC count and WRC differential count. Group V
was tested at 18 and 24 months. tUrinalysis (11A) - Urine was collect:
over a 24 hour period from the animals used for hematology (no
pretest UA) and examined with respect to the following: protein,
sugar, blood, pH, volume, solute concentration (mosmoles/l), color,
appearance and microscopic abnormalities. Riochemistry-Ten randomly
picked male and female rats from groups I, Ia and IV were tested

161
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after 1, 3, 6, 9, 12, 18 and 2% months for plasma alkaline
phosphatase (AP) and serum glutamic-pyruvic transaminase (GPT).
Group V was also tested at 12, 18 and 24 months.

Mecropsy: There vas an inteim 1l year sacrifice with gross and
microscopic pathologic examination reducing each sex/group to 30
animala. After 2 years, the surviving rats vere also sacrificed.
Animals that died or were gacrificed at other than the scheduled
times were necropsied and tissues saved for histology when roasible.
Tissues vere fixed in Bouin's solution, stained with hematoxylin-
eosin and examined microscopically. All listed tissues f{iom contr:
and group IV (12 and 24 months) were examined, vhile only the

liver from groups Il and III and liver, kidney and testes from
group V vere evaluated at 24 months.

‘brain tliver thoracic aorin
theart tpituitary thymus

tkidney epididymis bone marrow
tadrenal lymph node lumber spinal
ovaries peripheral nerve trachea
tstomach Fallopian tube tlung

eye topleen pancreas
skeletal nuscle thyroid, parathyroid duodenun
urinary bladder prostate cecum

salivary gland ttestes colon
exorbital lacrimal gland uterus all-masses an'’

abnormal tir:
torgan weights, nll groups, at 12 and 24 month sacrifice

RESULTS: Clinical Signs: There were no treatment related signs o
toxicity noted in the study however individual animal data was not
present to support conclusion.

Mortality:  |Mortality rate and mean age of death were not treawtmen:
related.

Body Weight Gain: There was a decrease in veight gain evident fro-
15 months until the end of the study in group V females and group
IV males and females.

veight as % of controls

Group 15 months 24 months
Vv (0.5%) females 86 76
IV (1.0%) females 93 87
IV (1.0) males _ 9k 84

Food Consumption and Efficiency: There were no treatment related
differences between control and treatment groups for food consump:
and efficiency.

Dose: Group II and III males and females received approximately
the same dose (mg/kg) of MBC. Group IV females however received
more MBC {mg/kg) than the males until day 644 at which time they
received approximately the same level.
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Laboratory Studies: Hematology -
tventy~four month values
Group males females

RBC _ _HGB __ HeT_ | RBC HGB HCT
T (0%) 3.68 13.8 Lo 6.31 15.0 k2
I1r (.05%)| 3.40 13.2 Lo 6.33 .1 39
vV  (0.5%)| 3.14 13.2 38 5.23% 12.,0% 36"
Iv (1.0%)] 2.92 12.1 36 S5.17* 12.0% __ 36*

#gignificantly lover than controls - p < 0.05

At 18 months the HCT and HGB in group IV females vere lover than
controls Statisticul significance was not mentioned. However, by
24 months the HCT, HGB and RBC in'groups IV and V vere significantl;
(p <.05) lover than controls. Males also had a decreased (not
significant) RBC, HGB and HCT. Urinalysis -~ there wvere no treatmen-
related abnormalities. Biochemistry - The registrant reported
increased AP activity for both males and females at 6, 9 and 12
months in the 1.0% tresatment group (12 month females p <.05). At

9 months the SGPT was elevated significantly for bdoth males and
females in the 1.0% group and at 12 months for the females.

SUMARY OF BIOCHIMICAL MFASURFMINTS SADK « N RATS FFD INF-963 PAR TWO YEARS

MALF.
k3
INE-963 MINTUS ON TEXT
! {n Dtet ! ) ) 9 12 18 14
[} 1.8 3.7 3.8 L) 6.5 [ 3%} ?.2
Atheline Dhosphatase o 7.2 32 )1 P} b3 .8 -
Sessey Unttsl) 0.03 - - . - 6.0 9.6 . 9.4
1.0 6.9 3. &.7 6.1 4.8 8.3 8.8
0.%0 - - . . s.0 .5 1.7
] [ 22 23 ¥ 29 e 26 27
. Jrencamingee (] 26 F{ n ) 29 &2 -
Unite 0.03 - - - - 3? 37 19
1.0 29 26 ] b1Y n b3} 7
0.3%0 - . - . . n 62 1)
i FIMALE
B3
INE-963 MONTHS ON TEST
{n Diet ] 3 69 12 18 26
. 0 5.8 4.4 3.4 3.3 4.0 6.? 9.2
Alkaline Phosphetare [} s.7 .6 a.l .2 3.2 S.¢ -
Bessey Unitsl) .03 - - . - 4.5 5.3 1.4
: 1.0 [ ] 3.7 6,0 .0 6.1 7.1 10.4
0.50 - - - - 4.7 7.0 7.3
0 % H 3 26 39 18¢ &7
Trensemingse . ] 2?7 23 23 &1 3le 60 -
.Units 0.0% - - . - b1 ] $? 33-°
1.0 24 X 29 [ 13 49 62 43
9.5%0 s - . - 61 8 3%
1) One through 12 sanths, units/wl blood; 18 snd 24 months, unita/el plases, »
* Five animals/group rxamined. 16%
- . 3
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Pathology: Organ weights - There was no apparant treatment
related change in organ weights at either sacrifice time.

Gross - Observations at necropsy were not reported in this
study. Microscopic - There was a slight increase in incidence
and severity of cholangiohepatitis and pericholangitis in

the liver noted in group IV and V males and females. Prostatit:
also appeared slightly increased in group IV males (21%
incidence as compared to 1l1% in the controls). Intermediate
group rats were not examined histologically for this lesion.
There were no other treatment related lesions,

DISCUSSION: There appeared to be no treatment related change
In clinical signs and mortality, however 2500 (10,000) ppm
females and 5000 ppm males and females gained less weight

than control groups. There was no related decrease in food
consumption or feed efficiency at these levels. MBC appeared
to affect the HGR, HCT and RBC in females at 2500 (10,000)

and 5000 ppm and to a lesser extent, HGB and HCT in the high
dose males. Although the registrant reported significant
increases in AP and GPT in the 5000 ppm group these may not

be biologically relevant since: 1) many of the values do not
appear out of the normal range for these tests, 2) the elevated
means appear only sporadically throughout the 2 year study
period. No other biochemical tests were performed, limiting
the ugsefulness of this study. Although AP and GPT were the
only biochemical parameters tested there is no reason to

expect other changes, Observations taken at necropsy were

not noted in the report although they were listed as part of
the procedure. Increased incidence and severity of "pericholan:
and cholangiohepatitis” although not serious, is a toxic

effect of the compound. The significance of increased prostati-
in this study in not known. There may have heen a slight
increase over controls of pigment deposits in the spleen and
bone marrow often observed with decreased hematoloqic parameter
(due to hemolysis) but this was not consistant.

CONCLUSIONS:
NOEL = 500 ppm
LEL = 5000 ppm based on: 1) decreased weight gain in
females, 2) decreased HCT, HGB and RCB in females, 3) increase
cholangiohepatitis and pericholangitis in males and females.

CORE~CLASSIFICATION:

Although lack of complete clinical chemistry data exists,
sufficient histopathology and organ weight measurements permit
core~-classification of minimum.

Review by M.P.Copley, D.V.M.
Tox. Br.
9/19/85
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STUDY TYPL: Two-year Feeding study-Dog TOX. CHEM. NO.: T79C
HASKELL LAB. REPORT NO: 195-72 FICHE/MASTER: 000883
MR NO.: 11L9 ACCESSION KNO.: 23287

23287

SPONSOR: E. 1. du Pont de Nermours and Company

STUDIES PERFORMED AT: Hankell Lab. for Toxicology and Industrial
Medicine, Wilmington, Del.

AUTHORS: H.Sherman, S.B.Fritz, L.S.Wasilecki

DATEL REPORT SUBMITTLL: 1972

TEST MATEKIAL: 2-benzizidazolecarbamic acid, methyl enter (S50 or
70 % a.i., 93 or 72.2 % Tech.) (metabolite of Benomyl)

SYNONYMS: MBC
INE-965
carbendazim

Review by Bruce Jseger in the 1983 WHO report:

"Groups of beagle dogs (four males and 4 females/group) wvere
administered carbendazim (53% active ingredient) in the diet at
dosage levels of O, 100, 500 and 2500% ppm for 2 years. Dogs vere
one to two years ol age at the start of the test. Sone dogs in the
high dose group received only 1500 ppm. Food consumption and dody
veight data were obtained weekly, and animals wvere examined daily
for clinical signs of toxicity. Hematological, biochemical and
urinalysis examinations vere performed periodically®* throughout the
study. Interim sacrifice after one year was performed on one rmale
and one female from control and 500 ppm groups, &s vell as one
female from the high dose group. One male from the high dose grouy
vas sacrificed in extremis after 42 weeks on test diet. Organ
weights, gross necropsy and histopathological evaluations® were
performed at the conclusion of the study. Only; the livers and
testes were examined histologically in the 100 and 500 ppm dose
groups.

There was no mortality reported for the control or 100 and 50¢C
ppm dose groiups. However, three males in the high dose group vere
sacrificed after 22 and 42 veeks because of poor nutrition. o
females in the high dose group died. Body veight and food consump:
were all adversely effected in the high dose group animals, but not
at lover levels. The average daily intake for the 500 ppm dose
groip was 15.0-20 mg/kg (initially, M & F), 1L4-18 mg/kg (1 year)
and 10-16 mg/kg {2 years). Dogs in the highest dose group develope:
anorexia, distended abdomens and overall poor nutritional conditior.
Hematological evaluations and urinalyses were not apparently affec?
by treatment. The dogs in 500 ppm and 1500/2500 ppm dose groups ha
increased cholesterol, BUN, total protein, GPT and APase levels
while gimilarly presenting evidence of a decreased A/G ratio throur

* see addendum for clarification and additional information. l(ﬂg
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the study. This biochemical evidence of liver effect was suppofted
by liver pathology, with incidences of hapatic cirrhosfs, swollen
vacuolated hepatic cells and mild chronic hepatitis in dogs fed
500 ppm or more of carbendazim. There were no noticeable effects
on organ weights and organ-to-body weight ratios. Diffuse testicular
atrophy {(which was marked) and aspermatogenesis were observed in
2/b males at 100 ppm but were not present in other dose groups or
control males. Based on the lack of supporting data im the other
dose group males, these findings are not conslidered compound related,

The NMOEL in this study appears to be 100 ppm, based on the
liver effects noted at 500 ppm and greater."

Addendum:

MATERIAL AND METHODS: Foou was offered ad libitum between 3:00 PM and
7:00 AM. The compound was introduced gradually into the diet of

group IV (2500 prm)}; 500 ppm for 2 days, 1000 ppm for 3 days, 1500

ppm for 2 days then 2500 ppm. Due to weight loss and decreased
appetite the compound level for several dogs was reduced to 1500 ppm.
Hematological tests, blochemical tests and urinalysis were performed 3
times pretest, and 1, 2, 3, 6, 9, 12, 15, 16, 21 and 2L nmonths

after test initiation. lematology - Red blood cell count,

hemoglobin, hematocrit, total and differential leukocyte counts.
Biochemistry - Glucose, urea-nitrogen, cholesterol, alkaline
phosphatase (APase), glutamic-pyruvic transaminase activity (GPT),
total protein (TP), and albumin/globulin ratio (A/G), alburin
concentration. Urinalysis - color, appearance, pH, volure,
osmolality, protein, sugar, urobilinogen, acetone, biliruvdvin, occult
blood and microscopic sediment examination. Tissues from the

control and 2500 pprm groups were fixed in Bouin's and stained with
hematoxylin and eosin for histologic examination included:

tbrain tadrenal ileum mammary gland
theart tprostate JeJunum esophagus
tlung tpituitary cecum gall bladder
+tliver jancreas colon spinal cord
tspleen urinar; bladder rectun trachea
tkidney epididymis skeletal m. salivary gland
ttestis Fallopian tubes reripheral n. tonsil

tthymus uterus bone marrow lymph node
tstomach ovary eye skin

tthyroid duodenum thoracic aorta

torgan vweights were taken

RESULTS: MALES (PPNM) FEMALES (PPM)
0 100 500 1500/2500| 0O 100 500 1500/2500
Chol.(2 mon.)|1l32 127 174 175 164 157 167 239
(2 yr) 152 150 200 250 211 162 k11 7
APase(2 mon.)(l.5 1.2 2.7 13. 2.5 2.9 2.5 T.¢
R (2 yr) 2-h 2'3 3-3 h03 3-0 ?.8 hos 6-1
GPFT (2 mon.) 18 2L 16 138 11 15 22 134
(2 yr) | 13 12 17 18 13 10 15 18
Alb/G(2 mon.)|.90 1.01 .86 .70 no treatment related
(2 yr) .90 .98 1.05 .69 change
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Increases in (male and female) chol. and APase started as 00467(?
early as 1 month and remained elevated throughout most of the
study in the 500 and 2500 ppm groups. GPT (male and female)
increased by 1 month but returned to normal levels within the
first year in the 2500 prm group. Alb/C ratios (males)

decreased within 1 month and remained low throughout the

study in the high dose group. Regression analysis of chol.,
APage, GPT, Alb/G and Alb indicated a relation between the

level of compound in the food and the change in blood levelas.

An F test also indicated differences between the treatment

groups for these jarameters (2 standard deviations were considered
significant).

DISCUSSIGN: The report discussed problems with nutrition at
2500 ppm and 1500 pim but did not state: 1) which dogs received
less than 2500 ppm; 2) how long and how often they were
awitched to control diets for recovery. This information

would be necessary to adequately assesa toxicity at the high
dose. This defliciercy will not change the results of the

study hovever, since major signs of toxicity vere also observed
at the 500 prm level. The registrant discussed regression
analysis of hiochemical values but did not mention which type
of analysis was used. The previous reviewer reported increases
in BUN and TP, however these changes do not appear biologically
relevant because they were within the range of pretest levels
or had no dose response. As reported by the previous reviewver
and the registrant the histologic and biochenical chanpes
indicated liver damage at 500 ppm and above. There were no
other treatment related changes evident in this study.

CONCLUSION:

NOEL = 100 pim

LEL = 500 yim based on biochemical and histological
alterations indicating liver dammage.

CORE~CLASSIFICATION: minimum

Original review evaluated and addendum added by M.P.Copley, D.V.HM.
Tox. Br.
9/19/85
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STUDY TYPE: [RKeproduction = rat TOX. CHEM, NO.: 79C
HASKELL LAB. REPORT NO: 195-72 FICHE/MASTER: 00088333
MR NO.: 1149 ACCESSION RO.: 232870-4
232871

SPOKSOR: L. 1. du Pont de Nemours and Company

STUDIES PEKFCRMED AT: Haskell Lab. for Toxicology and Industrial
Medicine, Wilmington, Del.

AUTHORS: H.Sherman, S.B.Fritz, L.S.Wasileski

DATE REPORT SUBMITTED: 1972

TEST MATERIAL: 2-benzimidazolecarbamic acid, methyl ester (50 or
T0 € aele, 53 or 72.2 % Tech.) (metabolite of Benomyl)

SYNONYMS: MBC
INE-965

carbendazin

MATERIALS AND METHODS: ChR~CD rats from the 2 year chronic feeding ..
study (HLR 195-72) were used for this study. At 21 days of age
they were treated with:

Group _ _  _ PPM (fa.i1.) of MBC .
group 1 0 (0)

group I1I 100 (.01%)

group III 500 (.05%)

group 1V #2500 (.25%) - 10,000 (1.0 %)
group V 5000 (.50%)

#) 2avel raised to (5% at 18 weeks and again to 1.0% tvo weeks later

The diets were prepared weekly and refrigerated until used.

Mating procedure: Uixteen females and 16 males per group were used
for the F, generation. Each female was mated to each of 3 males

for 5 days. Three weeks after mating they vere observed twice

daily for birth of the Fi, litters. All litters vere reduced to 10
pups 4 days after birth. The Fjp litters were examined at weaning

(21 days) and sacrificed. One week later, the Fo, rats were remated

to produce the Fip litters. The Fjp rats vere fed the above mentioned
diets after weaning. At 110 days of age 16 males and 16 females

vere mated using the procedure described previously producing the

Fpp and Fpp litters. F3j and F3p litters were produced using the same
procedure with the Fpp generation.

Parameters examined: Fertility index®, gestation index®*, viability
index®*®* Jlactation index®®*%*® vyeanling pup weight, live/dead ratio.

* % of matings resulting in pregnancy
#% 4 of pregnancies resulting in birth of live litters
#%% % of pups that survived b days
®##e% § pyups surviving 4 days
#

pups surviving 21 days (weaning) 168
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Histopathologic examination of kidney, liver, trachea, heart, lung,
brain, testis, bone marrow, spleen, thymus, gastrointestinal tract,
adrenal, thyroid, pancreas, sciatic nerve and muscle was performed
on 2 males and 2 females from each of 5 litters (20 pups total)
from the control, 500 and 10.000 ppm groups in the F3p generation
at veaning.

RESULTS: All parameters were the same as the controls except
average weight of weanlings.

MEC Ave. wt of weanlings (g) '
(ppm) group hFl&. Flg Foa Fop F3a F3p
0 I 57 60 53 57 53 58

100 11 60 62 53 62 51 63
500 11l 60 61 55 60 53 62
2,500% 1V 56 - -- - -- -
5,000 v L6 52 38 Lg 39 46
10,000® IV -—- k1 36 b1 39 L3

®gee note about diet change in group 1V on previous page.
No histologic or necropsihchangés were observed in the study.

DISCUSSION: It cannot be determined from the description when

the females were checked for pregnancy, if at all, and if they

vere all mated to 3 males or only those who were not already
pregnant. There were no litter {or fetal) weights taken at birth,
only at weaning. It therefore cannot be determined if the pup
weight decrease at levels of 5000 ppm and greater is due to toxicity
during the prenatal or lactation period. The number of dams in the
test was only 16 (20 for group V), resultiung in only 10-16 litters
per group rather than the 20 litters recommended in the guidelines.
This study, hovever, did have 6 matings (3 generations) per group
wvhich excedes the requirements. Due to the known testicular effect
of MBC and Benomyl, special attention should have been given this
organ such as organ veights. Nevertheless, histopathological
examination of weanlings in the F3p generation {500 and 10,000 ppm
groups) showed no testicular lesions.

CONCLUSION: NOEL = 500 ppm
LEL = 5000 ppm based on toxic signs of decreased pup
veight noted at wveaning.

CORE-CLASSIFICATION: "minimum

Review.by M.P.Copley, D.V.M.
Toxe. Br.

9/21/85
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